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as PERCHLORATE 


HIGH RESOLUTION 


SIMPLICITY 


PERCENT TRANSMISSION 


MODERATE PRICE 


for 
MUETALILORGUSTS 


The identification and estimation of the rare earths is a 
common problem not easily solved by normal chemical 
methods. Curves similar to those shown are quickly 
reproduced with the help of the SP.600 Spectrophotometer 
making a detailed, accurate analysis a matter of routine. 
The technique can be extended to all metallurgical 
problems that can be solved by colorimetric methods. 
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PERCENT TRANSMISSION 


Please write for new illustrated leaflet describing the 
instrument in detail. 


DELIVERY FROM STOCK 


UNICAM INSTRUMENTS LTD - ARBURY WORKS - CAMBRIDGE 
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POLARITAN 
REAGENTS 


for polarographic analysis 


Since the original introduction by Hopkin & Williams of 
POLARITAN REAGENTS in 1951, the list of reagents 
has been added to from time to time and the full range of 
reagents now available is given below :— 
AMMONIA SOLUTION S.G. 0.88 POTASSIUM HYDROXIDE 
AMMONIUM CHLORIDE POTASSIUM THIOCYANATE 


BARIUM CHLORIDE SULPHURIC ACID 
CITRIC ACID TARTARIC ACID 


HYDROCHLORIC ACID GELATINE 
NITRIC ACID LITHIUM HYDROXIDE 


POTASSIUM CHLORIDE SODIUM SULPHITE 
POLARITAN REAGENTS are supplied only by Hopkin 
& Williams, Ltd., and the standards and methods of test 
have been formulated in collaboration with 

Tinsley (Industrial Instruments), Ltd. 
A copy of the booklet “ POLARITAN Standards for 
Polarographic Reagents ” will be sent free, on request. 


HOPKIN & WILLIAMS LTD 


Manufacturers of pure chemicals for 
Research and Analysis 


FRESHWATER ROAD + CHADWELL HEATH -:_ ESSEX 
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“Next time 
you need standard interchangeable 
Laboratory or Industrial 


SONmaneaeenaneanatoreroteatien " FULUELELEDLEL LEON SERRE NTNU 


Glassware, get it 


ex-stock from 


Loughborough” 


and if you need non-standard 
scientific glassware, Loughborough will 
both design and make it for you. They 
also supply general laboratory equipment. 


WATER STILL 


Minimum output: 4 litres per hour (conforming 

with BP1948 requirements). Element rating: 3kW., 

220/250 volts A.C. Price: £8.16s.2d. each. 

This is one of the items in our new catalogue. Write 
to us (Dept. CS) for a copy. 

We also make stills to produce pyrogen-free water. 


AP onaevevaneereceeressvenyyyesecengrenenseeeetseeeerseerereeegent 


LOUGHBOROUGH GLASS CO. LTD. LOUGHBOROUGH, LEICS. ‘PHONE: LOUGHBOROUGH 3855 
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L. LIGHT & Co Lid 


Latest additions to our list 


Siemens eet ees a ; 
N-Acetyl-p.i-leucine . 
N-Acetyl-pi-valine_. 
Acet a phespnate, Lithium 
Alco. dehydrogenase 
al res es ply fe re a acid ‘ 
2-Amino-4 : 6-dioxypyrimidine 
2 -Amino-4-methyl-~ -chloro- 
pyrimidine . 
DL- -c-Aminophenylacetic acid . 
3-Aminopyridine . > 
4-Aminopyridine 
2-Aminoquinoline 
3-Aminoquinoline.. ‘ 
Anthraquinone- -1-diazonium 
chloride . 
Arabinic acid (p pt d. from ale ohol) . 
p(+)Arabonic acid-y ee F 
Arcain sulphate . 
2-Bromofluorene 
n-Butyryl choline chloride. 
Catalase, t eef liver, 20 mg. per ml, (10 ml. 
18 


p-Chloroanilidophosphonic acid . 

Chymotrypsinogen, cryst. . 

Chymotrypsin, 1 x cryst. cake (damp) 
(5 gr. amp.) ° 

L-Citrullin (optics ally standardised) . 

pL-Desthiobiotin (500 mg. amp.) . 

a>. leaner 1 x cryst. (20 
mg. amp. 24 

Desoxyribonuclease, ly ophiled (100 
my. amp, . 18 

2:4- -Diamino-n-butyric acid . 

4 : 6-Diamino- Senenonpte- 
pyrimidine . ; 

Di-n-amyl ketone 

Di-n-butyl ketone. 

2: 4-Dic loro-pyrimidine . 

, £ 6-Dichloro-pyrimidine . 

4 : 6-Dichloro-pyrimidine . 

p(+)Digitoxose . 

Dinyerecesyenaee (100 mg. amps.) 

oe pyrimidine . 

Dimethy B-propiothetin — 

n-Ethionine 

u-Ethionine. ; 

y-D- -Galactonolactone (- 74—76°) ‘ 

a-Glucoheptonic athens 
(—51°6—52°) r 

Glucosaminic acid .- 

B-Glucose . 

Glutamic acid dehydrogenase 

L-Gulonic lactone (—56°) 

Hexane-1:2:6-triol . 

Histone (ex calf thymus nuclei) . 

allo-Hydrcxy-p-proline . 

3-Hydroxy-tyramine HCl . 

Lactobionic acid, Ca salt . 

pL-Leucyl-glycine 

Lysozyme. . : i ss 

a-Naphthyl acetate . 

L-Ornithine HCl (optically ste standardised) 

pL-Pantoyl lactone 

Patulin . ; 

Mage x 2 x cryst. 

oy “Phosphoglyceric acid, Ga 

oat : 


Phthiocol . : 
p-Ribonolactone . 
Ribonuclease (no protease) ° 
p-Serine (optically standardised) 
L-Serine (optic. ally ste ee 
pL-Tartaric acid . 5 
L-Tartaric acid 
Trypsinogen, | 
MgS0O,) » 
Uricase, powder 


POYLE TRADING ESTATE 
COLNBROOK BUCKS ENGLAND 


x cryst. (i (approx. 50% 


Two indicator 
papers 
for pH determination 


UNIVERSAL One paper covering completely the 
range from | to 10 enabling pH values to be 
checked to within 0.5 pH. 


COMPARATOR Four separate books for work 
requiring greater accuracy. With these papers the 
pH value of any solution can be ascertained to 
within 0.3 pH. 


Descriptive leaflet will be sent free on request. 


JOMNSOS 


London, N.W.4 
Est. 1743 


LTD 


ESTERS OF 
CHLORINATED ACETIC ACIDS 


We are manufacturers of :- 
MONOCHLOROACETATES 
ETHYL, ISOPROPYL and BUTYL 

DICHLOROACETATES 
METHYL, ETHYL, ISOPROPYL and BUTYL 
TRICHLOROACETATES 


METHYL, ETHYL, ISOPROPYL, 
BUTYL and BENZYL 


Samples and quetations from 


KAYLENE(CHEMICALS) LTD. 
WATERLOO ROAD, LONDON, N.W.2 
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AT REIGATE a= 
OUR JOB 


AS ESSENCE MANUFACTURERS 


IS TO TAKE NATURAL PRODUCTS WHICH 
HAVE A FLAVOUR OR AROMA OR BOTH; 
EXTRACT FROM THEM THE PRINCIPLES RE- 
SPONSIBLE FOR THAT FLAVOUR AND AROMA, 
AND THEN PREPARE THESE PRINCIPLES IN 
SUCH A FORM AS TO BE EASILY AND CON- 
VENIENTLY AND ECONOMICALLY USED BY 
OUR CUSTOMERS. 


WE ARE SPECIALISTS IN THIS FIELD AND CAN 
OFFER GUARANTEED NATURAL PRODUCTS 
WHICH FOR QUALITY AND TRUE FLAVOUR 
ARE IN A CLASS BY THEMSELVES. 


REIGATE BRAND— 


VANILLA NATURA 
GRAPEFRUIT NATURA 


ORANGE NATURA 
(SWEET OR BITTER) 


ORRIS NATURA 


WHITE, TOMKINS & COURAGE, LTD. 
NORTH ALBERT WORKS, REIGATE 


TELEGRAMS: ESSWHITE, REIGATE TELEPHONE: REIGATE 2242-3 


ESTABLISHED 1841 
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the outstanding purities of 


Judactan 


analytical reagents 


We invite you to compare the 
actual batch analysis shown here, 
with the purities guaranteed by 
the specifications to which you 
normally work — we are sure the 
comparison will be helpful to you. 


OXALIC ACID A.R. 


(COOH),"2H,O Mol. We. 126°07 


ACTUAL BATCH ANALYSIS 


(Not merely maximum impurity values) 


Batch No. 16437 


Non-volatile Matter 
Chloride (C 


Calcium (Ca) 
Magnesium (Mg) .... 
Ammonia 


| Theabove analysis is based on the results, not of our own Control Laboratories 
alone, but also on the confirmatory Analytical Certificate issued by independent 
Consultants of internationa! repute 


This is the analysis of a 
Judactan reagent. And, as with 
every Other reagent in the series 
it is the actual batch analysis 

— it is one of several of which 
we are especially proud. 


The General Chemical & Pharmaceutical Co. Ltd., Chemical Manufacturers, Judex Works, Sudbury, Middx. 
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Solutions in Sulphuric Acid. Part XIV.* Cryoscopic Measurements 
on Some Unsaturated Aromatic Ketones and Aldehydes. 


By R. J. GILLEspPIE and J. A. LEISTEN. 
[Reprint Order No. 4371.] 


The behaviour of fourteen unsaturated aromatic ketones and aldehydes 
in solution in sulphuric acid has been studied by the cryoscopic method. 
It is concluded that all these substances behave as bases, addition of a proton 
taking place on the carbonyl group, and that many of them also undergo 
aromatic sulphonation, in some cases exceedingly rapidly. 


AromaTI¢ aldehydes and ketones generally behave as simple bases in sulphuric acid, but 
otherwise undergo no change (Part I, /., 1950, 2473; Hantzsch, Z. phystkal. Chem., 1907, 
61, 257; 1908, 65, 41; Oddo and Casalino, Gazzetta, 1917, 47, II, 200). Investigations of 
certain unsaturated ketones appeared, however, to indicate a different behaviour. Thus 
Hantzsch (Ber., 1922, 55, 953) obtained an 7-value of 4 for dibenzylideneacetone, which he 
suggested was due to the following ionisation: (Ph°CH°:CH),CO + 3H,SO, = 


(Ph:CH:CH),C-SO,H -++- H,O* + 2HSO,-. Later, Hammett and Deyrup (J. Amer. Chem. 
Soc., 1933, 55, 1900) found that cinnamylideneacetophenone appeared to behave similarly, 
producing a 4-fold freezing-point depression, whereas benzylideneacetophenone was found 
to behave as a simple base having an 7 factor of 2. Both substances were stated to be 
recoverable on dilution. These authors did not comment on the nature of the ionisation 
which produced the 4-fold freezing-point depression, but Hammett (‘‘ Physical Organic 
Chemistry,’ McGraw-Hill, New York, 1940, p. 62) subsequently observed that “ these 
substances ionise in a more complicated fashion.”” Another theory has been advanced more 
recently by Dewar (“ Electronic Theory of Organic Chemistry,” O.U.P., 1949, p. 170) to 
explain the 4-fold depression of the freezing point given by dibenzylideneacetone. He 
suggested that one proton is attached to the carbonyl oxygen atom and that two more are 
held by z-bonds to the benzene rings. 


€ | -CH:CH-¢-CH:CH- 
HO + 


Y \-cu:cu-c-cH:cH-¢ S + 3H.S0 
Nt Te See te 


Compounds of this type have also attracted attention for many years for another 
reason: their sulphuric acid solutions are generally intensely coloured. Various coloured 
compounds with other acids, such as perchloric acid (Pfeiffer, Annalen, 1916, 412, 253), and 
with stannic chloride (idem, ibid., 1911, 383, 92) have actually been isolated. In addition, 
the absorption spectra of a number of these compounds in sulphuric acid have also been 
studied (Hantzsch, loc. cit.; Claisen and Pondorf, Annalen, 1884, 223, 142; Baeyer and 
Villiger, Ber., 1902, 35, 3013; Baker, /., 1907, 91, 1945; Baly, Collie, and Watson, /., 
1909, 95, 144: Stobbe and Haertel, Annalen, 1909, 370, 99; Kehrmann, Ber., 1921, 54, 
417). The results of such investigations were ambiguous and conflicting, and different 
interpretations were put upon them: e¢.g., Vorlander (Ber., 1903, 36, 1470, 3528) believed 
that the colours were due to the interaction of the double bonds with the acid, whereas 
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Hantzsch (loc. cit.) and Pfeiffer (loc. cit.) considered that only the carbonyl oxygen was 
involved, and Kehrmann (loc. cit.) considered both to be necessary in order to explain 
the results. 

In the present work the freezing-point depression produced by a variety of unsaturated 
aromatic ketones and aldehydes has been investigated. 


EXPERIMENTAL 

Apparatus and Procedure.—The apparatus used for making the cryoscopic experiments was very 
imilar to that described in Part I (J., 1950, 2473), except that the platinum resistance thermo- 
meter was replaced by a mercury thermometer which in the early experiments was a Beckmann 
thermometer, but which for most of the work was an N.P.L.-calibrated ‘‘ Hortvet ’’ solid-stem 
mercury thermometer. This was graduated in 0-01° and covered the range 513°. It could 
be read to +- 0-:001° with a cathetometer. A stem correction was applied which was usually 
close to —0-018°.. Beckmann thermometers were found to be quite unsuitable for the present 
work as their setting changes slowly with time, owing to distillation of mercury from the reservoir 
to the column or vice versa (cf. Thompson and Ubbelohde, Trans. Faraday Soc., 1950, 46, 349), 
and it was necessary in many cases to follow changes in the freezing-point depression of a given 

solution over periods of hours or days. 

The technique of making the freezing-point measurements was essentially the same as that 
described in Part I (loc. cit.). The really accurate measurement of the freezing-point depression 
was often not possible owing to its rapid variation with time. Moreover, it was not desired to 
measure the exact degree of ionisation of all the compounds studied, but rather to establish 
general modes of ionisation. It was therefore considered satisfactory to use as the solvent 
sulphuric acid containing a small amount of water or potassium sulphate to repress the auto- 
protolysis, and to express the results in terms of the van’t Hoff i-factor, which is defined by 
the equation i = AQ/Amhy, where AO is the change in the freezing-point depression caused by a 
small change Am in the molality of the solute, and hk; is the cryoscopic constant. The value of 
ky was taken as 5-98 deg. mole kg. (Part I, loc. cit.). This is justifiable because the i-factor 
approximates sufficiently closely to the more precise v-value (Part I, loc. cit.) for our present 
purpose over the range of solute concentrations that we used. 

In studying many of our compounds it was necessary to follow changes in the freezing point 
of their sulphuric acid solutions over long periods. In such cases the solutions were kept at a 
constant temperature, usually 25°, between measurements of the freezing point by keeping the 
cryoscope in a suitable thermostat. It was essential to do this in order to be able to decide when 
reactions had gone very nearly to completion, and in order to be able to distinguish simultaneous 
and consecutive reactions that often occurred with considerably different speeds. 

lV aterials—Cinnamaldehyde. The commercial product was washed with sodium carbonate 

ym, dried (MgSO,), and distilled in vacuo; liquid boiling over a 1° range was collected and 
| immediately. 

t-Benzoyldiphenyl. A sample kindly supplied by Dr. R. P. Alvarez-Ossorio was recrys- 

iilised twice from ethyl alcohol and once from light petroleum (b. p. 60—80°) ; it had m. p. 102°. 

A number of unsaturated ketones were prepared by reactions of the aldol type. The methods 
used may be divided into two classes: the recent methods of ‘‘ Organic Syntheses,’’ which 
employ carefully controlled conditions and high alkali concentrations, and the older German 
methods in which long periods of reaction and low alkali concentrations are used. We found the 
latter type of method to be the more reliable and certain. 

Benzylideneacetone was prepared by Drake and Allen’s method (‘‘ Organic Syntheses,’ 
Coll. Vol. 1, 2nd Edn., p. 77) from benzaldehyde and acetone, sodium hydroxide being used as 
catalyst. The final purification was carried out by low-temperature recrystallisation from ace- 
tone, instead of by fractionation at reduced pressure. The dried solid (over P,O,;) had m. p. 
41—42°, 

Benzylideneacetophenone was prepared by Kohler and Chadwell’s method (op. cit., p. 78) 
from benzaldehyde and acetophenone, with sodium hydroxide as catalyst. Repeated attempts 
to follow this method gave oils, and difficulty was experienced in obtaining crystals from the 
oils. Final purification was by recrystallisation from alcohol; the product had m. p. 55-5— 
56-5°. 

Dibenzylideneacetone was prepared from benzaldehyde and acetone with sodium hydroxide 
as catalyst (op. cit., Coll. Vol. 2, p. 167). The product, after three crystallisations from 
ethyl acetate, had m. p. 111—111-5°. Benzylidenecinnamylideneacetone was prepared 
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following Scholtz’s method (Ber., 1896, 29, 614), cinnamylideneacetone and benzaldehyde being 
used with sodium hydroxide as catalyst. It was recrystallised three times from alcohol, and 
then had m. p. 105-5—106°. Cinnamylideneacetone was prepared by Diehl and Einhorn’s 
method (Ber., 1885, 18, 2321). The crude material, purified by low-temperature recrystallis- 
ation from acetone, had m. p. 66—67°. Cinnamylideneacetophenone was prepared similarly to 
benzylideneacetophenone and recrystallised three times from 80% alcohol (saturated at 30° 
and cooled in ice); it had m. p. 99—100°. Dicinnamylideneacetone was prepared by Diehl and 
Einhorn’s method (loc. cit.) from cinnamaldehyde and acetone. Recrystallised from alcohol 
and from ethyl acetate, it had m. p. 138—139-5°. 

1 : 13-Diphenyltrideca-1 : 3: 5: 8: 10: 12-hexaen-7-one was prepared by Vorlander, Fischer, 
and Kunze’s method (Ber., 1925, 58, 1288) from 5-phenylpentadienal, acetone, and sodium 
hydroxide. It was purified by three recrystallisatious from ethyl acetate and then had 
m. p. 188—-189°. The necessary aldehyde was prepared from cinnamaldehyde and acetaldehyde, 
with piperidine as catalyst (Kuhn and Winterstein, Helv. Chim. Acta, 1928, 11, 113); the yields 
were poor, and the aldehyde difficult to purify. It was used for the preparation of this and the 
following ketone immediately after distillation in vacuo. 

1: 11-Diphenylundeca-1: 3:6: 8: 10-pentaen-5-one was prepared from cinnamylidene- 
acetone and 5-phenylpentadienal, in a similar way to benzylidenecinnamylideneacetone. The 
compound was purified by two recrystallisations from ethyl acetate and one from alcohol and 
dried (P,O;); it had m. p. 143-5—144° (corr.) (Found: C, 87-8; H, 6-5. C,3H,,O requires C, 
88-4; H, 6-45%). 

2 : 6-Dibenzylidenecyclohexanone was prepared in a similar manner to dicinnamylideneacet- 
one, and recrystallised from ethyl alcohol; it had m. p. 116—116-5°. Di-4-methylbenzylidene- 
acetone was prepared in a similar manner to dicinnamylideneacetone and recrystallised from 
ethyl acetate—alcohol; it had m. p. 173-5—174-5°. 

Di-4-bromobenzylideneacetone was prepared in a similar manner to dicinnamylideneacetone, 
and purified by five recrystallisations from ethyl acetate; the m. p. was 212—212-5° (corr.) 
(Found: C, 51-5; H, 3-0; Br, 39-8. C,,H,,OBr, requires C, 52-1; H, 3-1; Br, 40-8%). 


RESULTS 


The results of all the cryoscopic measurements are listed in Tables 1 (where m = molality) 
and 2. For the two compounds in Table 1, the i-factor was found to be independent of time, 


TABLE 1. 
Dicinnamylideneacetone, * Di-4-bromobenzylideneacetone,t 
(CHPh:CH-CH:CH),CO. (Br-C,H,-CH:CH),CO. 
—_~ A~A-—-- 


= - a 
m ; m Aé t m Aé t m Aé@ a 
0:00279 0-08 . 0-01655 0-594° 5-99 0-01246 0-187° 2-10 0-0425 0-493° 1-95 
0:00642 0-2 . 0-01890 0-678 5-98 0-0282 0-338 2-01 
0-01227 
* These measurements were carried out during 2days. After a further day at room temperature, 
the final freezing-point depression had increased to 0-686°. 
t+ These measurements were made during 27 hr. After a further 24 hr. at room temperatures, the 
final freezing-point depression had increased to 0-500°. 


and so a number of successive additions of the solute could be made. For all the other solutes 
(Table 2) the i-factor increased with time and the results for these substances show the variation 
of 7 with time for a single addition of the solute. The time from the first determination of the 
freezing point, which was made as soon as possible after the dissolution of the solute was com- 
plete, is given in the first column. Col. 2 gives the freezing-point depression, and Col. 3 the 
i-factor. 
TABLE 2. 
(Time is given throughout in hours unless denoted by d for days.) 
Benzylideneacetophenone, CHPh:CH-COPh. 
Molality of solute = 0-0252. Temp. 25° except where otherwise stated. 
Time j Time A6 i Time Aé t Time A6 
0-0 4:5 0-409° 2-70 40-7 0-555° 3-67 135-1 0-555° 
0-5 20:9 0-526 3-48 63-8 0-555 3-67 158-1 ¢ 0-562 
5 26:9 0-531 3°52 87-6 0-556 3-68 164-1 f 0-562 
‘8 33-4 0-547 3-62 
t Temp. 35°. 
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TABLE 2. (Continued.) 
Dibenzylideneacetone, (CHPh:CH),CO. 
Molality of solute = 0-0485. Temp. 25°. 

Time A@ i Time Aé i Time Aé J Time Aé a 
0-0 0:771° 2-66 3-6 1:169° 4-02 60 1:466° 5-03 8-5d 1:644° 5-66 
0:33 0-982 3°38 19 1-303 4-49 35d 1-530 5-8 175d 1-683 5-80 
1-0 1-098 3-78 27 1-345 4-63 55d 1587 5-46 23-5d 1-695 5:83 
2-0 1-143 3-94 At 1-424 4:90 

Benzylidenecinnamylideneacetone, (CHPh:CH-CH:CH),CO. 
Molality of solute = 0-0402. Temp. 25°. 
0-0 0-921 3°8% ° *147° 5-0 1-332 5-50 26:2 1-407° 5-85 
02 0-993 ; 2: 22 5 19-2 1-407 5°85 41-8 1-426 5°93 
0-5 1-068 
1 : 11-Diphenylundeca-1 : 3: 6: 8: 10-pentaen-5-one, CHPh‘CH:[(CH:CH],*CO-CH:CH-CH:CHPh. 
Molality of solute = 0-0155. Temp. 25°. 


0-0 0-622 6-7 1-0 0-712° 7-66 4:8 0-802° 8-63 24:8 0-906° 9-75 


l 
0:33 0-677 7°28 2-4 0-759 8-17 19-7 0-905 9-73 


1 : 13-Diphenyltrideca-1 : 3: 5: 8: 10: 12-hexaen-7-one, CHPh:CH:[CH:CH],*CO:[CH:CH],*CH:CHPh. 
Molality of solute = 0-00814. Temp. 25°. 
0 0-316° yf 40:0 0-600 12:3 35d 0-653° 13-4 6-7d 0:750° 14-5 
10 0-413 8: 62:5 0-625 12-8 45d 0-670 13-8 11-4d 0-745 15-3 
16-5 0-534 ‘ 


Cinnamylideneacetophenone, CHPh:CH:CH‘:CH:COPh. 


Molality of solute = 0-0228. Temp. 25°, except last entry (*) at 35°. 
3-68 1d 0-523° 3-84 3d 0-558° 4-09 5d* 0-646° 4-73 


Benzylideneacetone, CHPh:CH:COMe. 
Molality of solute = 0-0292. Temp. <10°. 
2d 0-556° 3-19 7d 0-651 3-74 0-683 
3d 0-587 3°36 8d 0665 3-81 
Cinnamylideneacetone, CHPh:CH:CH:CH-COMe. 
Molality of solute = 0-00891. Temp. 25°. 
15 0-199 3°74 3°75 0-219° 4-11 0-301 


CH,°C:CHPh 
2 : 6-Dibenzylidenecyclohexanone, CH, CO 
\CH,*CSCHPh 
Molality of solute = 0-02004. Temp. 25°. 
0-557° 4-66 70 0-628° 5 0-660° 
0-602 5-03 20:0 0-662 5-be 0-665 


9.9 
dD 
Di-4-methylbenzylideneacetone, (CgH,Me*CH:CH),CO. 
Molality of solute = 0-02137. Temp. 25°, except last two entries (*) at 35°. 
0-503° 3-94 2-0 0-685° 5-36 8:3. 0-728° = 5-7 41-0 
0-572 4-48 3:0 0-706 5-33 18-6 0-731 
0-635 4-97 4:8 0-719 5-63 25-6 0-731 
4-Benzoyldiphenyl, Ph-C,H,*COPh. 
Molality of solute = 0-01867. Temp.: room temp 
Od 0-410° 3-67 1d 0:420° 3-76 
Cinnamaldehyde, CHPh:CH:CHO. 
Molality of solute = 0-0524. Temp.: room temp. except entries (*) at 25°. 
O* 0-664° 2-12 3d 1-406° 4-48 6d 1:463° 4-67 10d 1-495° 
16* 1-205 3°84 4d 1-429 4-55 


DISCUSSION 
Contrary to the observations of earlier workers, all the substances examined, except 
dicinnamylideneacetone and di-4-bromobenzylideneacetone, have been found to give 
freezing-point depressions in sulphuric acid which increase with time and in many cases 
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only reach constant limiting values after a long period. The stable 1-factor of 6 given by 
dicinnamylideneacetone shows at once that the theories of Hantzsch (loc. cit.) and Dewar 
(/oc. cit.) are incorrect, as neither can account for an 7-factor greater than 4. Moreover, 
neither of the theories can account for the relatively slow increase in the 7-factor that occurs 
In most cases. 

Protonation of alternate carbon atoms of the unsaturated chain, giving rise to a multiply 
charged carbonium ion : 


+ + 4 + 
Ph:[CH:CH],°CO-[CH:CH],*Ph + 5H,SO, = 5HSO,- + Ph-CH-CH,-CH-CH,-C(OH)-CH,*CH-CH,CHPh 


would account for the t-factor of 6 given by dicinnamylideneacetone, but it is highly 
improbable that such a multiply charged carbonium ion would be stable, and in any 
case a similar explanation will not account for the very high i-factors given by 
Ph:(CH:CH],*CO:[CH:CH],*Ph and Ph:[CH:CH],*CO-[CH:CH],*Ph. Some compounds such 


as mesitoic acid and triphenylmethanol undergo ‘‘ complex ’’ ionisation in sulphuric acid, 
+ 
giving rise to four or more particles, e.g., Me,C,H,"CO,H -+ 2H,SO, = Me,C,H,°CO + 


H,O + 2HSO, (Treffers and Hammett, J. Amer. Chem. Soc., 1937, 59, 1788), but it is 
extremely difficult to devise any reasonable type of complex ionisation (cf. Hantzsch, Joc. 
cit.) that would account for the number of ions produced by all the compounds we have 
investigated. 

It seems therefore that some reaction other than protonation or complex ionisation must 
be occurring. Addition of sulphuric acid to the double bonds might at first sight appear to 
be a possibility, but this would not produce ions, and would not, therefore, account for the 
high 2-values. In addition, it would be expected to lead to the formation of colourless 
compounds, since this is known to occur with the halogen acids (Strauss, Ber., 1904, 37, 
3277). Solutions kept for as long as 4 months in sealed tubes showed only a slight, if any, 
diminution in the intensity of their colour. 

The remaining possibility appears to be sulphonation of the aromatic nuclei or the 
conjugated side-chains. The fact that di-4-bromobenzylideneacetone gives a stable 
two-fold depression of the freezing point and an orange-coloured solution supports the 
view that sulphonation in the other compounds occurs in the aromatic nucleus and that the 
colour produced is due simply to protonation on the carbonyl oxygen atom. We shall now 
show that the assumptions that protonation of the carbonyl group occurs in all cases, and 
that in many cases the aromatic nuclei are sulphonated, can be used to explain all the cryo- 
scopic results. 

It is first necessary to assess the effect on the i-factor of the sulphonation process, which 
can be represented as follows : 


X-H + H,SO, = X-SO,H + H,O 
followed by 
H,O + H,SO, = H,O + HSO, 
+ + + _ 
X-SO,H + H,SO, = X-SO,H, + HSO, 


where X—H is the conjugate acid of a carbonyl compound,-H being a nuclear hydrogen atom. 
It may be seen that for each sulphonation process a molecule of water is produced. This 
will increase the number of particles per molecule of solute by a little less than 2 (Part I, 
J., 1950, 2493), the exact value depending on the concentration of water and of hydrogen 
sulphate ion in the solution. In addition, sulphonic acids are in general slightly ionised 
(Part VII, /., 1950, 2537), and this small basic ionisation may reasonably be considered to 
balance the incomplete ionisation of the water formed, so that each sulphonation process 
will produce approximately an extra 2 particles per solute molecule, and hence the t-factor 
of the solute will be increased by approximately 2. 

Benzylideneacetophenone.—The variation of the i-factor with time at 25° is shown in Fig. 
1: the 7-factor is initially 2 but slowly approaches a limiting value of 4. These results show 


that benzylideneacetophenone dissolves with simple protonation, but at 25° a monosul- 
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phonic acid is slowly formed, which is almost certainly, for reasons given in the following 
paper (Part XV), 4-sulphobenzylideneacetophenone : 
C,H,CH:CH-COPh + H,SO, = C,H,‘CH:CH-CPh + HSO,- (i= 2) 
+OH 
C.H,-CH:CPh + 2H,SO, = HO,S:CsHyCH:CH-CPh + H,O* + HSO,. (i =4) 
4+OH +OH 


Dibenzylideneacetone.—The variation of ¢ with time at 25° is shown in Fig. 2. Curve A 
shows that a limiting 7 factor close to 6 is slowly reached. For curve B the time scale has 
been expanded to show that the reaction is in two stages, the first fast and the second 
relatively slow. Evidently a monosulphonic acid is formed quickly and this reacts slowly 
to form a disulphonic acid. The first product has been shown (Part XV, following paper) 
to be 4-sulphodibenzylideneacetone, and the final product is almost certainly di-4-sulpho- 
benzylideneacetone. 

Benzylidenecinnamylideneacetone.—The variation of ¢ with time at 25° is shown in Fig. 3. 
It seems clear that this ketone is monosulphonated very quickly, that is in the time taken 


Fic. 1. Benzylideneacetophenone. Fic. 2. Dibenzylideneacetone. 
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to dissolve it at a temperature of 10°, which was approximately 30 min., and that the sub- 
sequent variation of ¢ with time corresponds to the entry of a second sulphonic acid group. 
The first product is considered to be benzylidene-4-sulphocinnamylideneacetone, and the 
second, 4-sulphobenzylidene-4-sulphocinnamylideneacetone. 

Dicinnamylideneacetone.—This substance has a constant 7 factor of 6. A disulphonated 
product is produced in the time taken to dissolve the compound at room temperature. 
This has been shown to be di-4-sulphocinnamylideneacetone (Part XV, following paper). 

1: 11-Diphenylundeca-1:3:6:8:10-pentaen-5-one and  1:13-Diphenylirideca- 
1:3:5:8: 10: 12-hexaen-T-one.—The initial behaviour of these substances is similar 
to that of the previous compound in that a disulphonic acid is formed immediately on 
dissolution. However, their 1-values continue to increase and limiting values are somewhat 
more difficult to fix definitely than with the other compounds we have considered. It 
appears that reactions other than sulphonation, such as oxidation, are faster with these 
compounds than with the simpler ketones. Nevertheless, limits of approximately 10 and 
14 respectively may be discerned. The i-factor of 10 corresponds to a tetrasulphonic acid 
which may plausibly be assigned the structure ‘-(4-sulphopheny])-11-(2 : 4 : 6-trisulpho- 
phenyl)undeca-1 : 3: 6:8: 10-pentaen-5-one. ‘The i-factor of 14 corresponds to a hexa- 
sulphonic acid, which may be 1 : 13-di-(2 : 4 : 6-sulphopheny])-trideca-1 : 3: 5: 8: 10: 12- 
hexaen-7-one. 
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Cinnamylideneacetophenone.—The results show that a monosulphonic acid is formed 
rapidly at 25°. This compound has been shown to be 4-sulphocinnamylideneacetophenone 
(Part XV, following paper). On continued storage at 35° the 7-factor continues to increase, 
which may indicate further sulphonation. 

Benzylideneacetone.—This substance gives initially a two-fold depression of the freezing- 
point. Because the solution was not kept at a constant temperature the assignment of an 
accurate limiting value of 7 is not possible. Nevertheless, the value of 3-9 attained after 
8 days at a temperature of less than 10° is probably close to a limit. The compound 4- ° 
sulphobenzylideneacetone is probably formed. 

Cinnamylideneacetone.—It seems likely that this compound forms a monosulphonic 
acid rapidly. The continued relatively rapid increase of the value of the 7-factor above 4 
is, however, rather surprising in view of the fact that the 7-factor of cinnamylideneaceto- 
phenone only reaches a value appreciably greater than 4 during a long period at 35°. 

2 : 6-Dibenzylidenecyclohexanone.—The interpretation of the results for this compound 
is similar to that of dibenzylideneacetone, except that both sulphonations are faster than 
the corresponding processes in dibenzylideneacetone. The final limiting 7 value of 5-5 is, 
however, rather low and no explanation for this can be offered. 

Di-4-methylbenzylideneacetone.—The behaviour of this substance is again similar to that 
of dibenzylideneacetone, but again the sulphonation rate is greater. In this case the sul- 
phonic acid groups cannot enter the 4-positions, since these are already occupied. There is 
no evidence whether they enter the 2- or the 3-position. 

Di-4-bromobenzylideneacetone.—The constant t-factor of 2 obtained for this compound 
indicates that it is protonated but not sulphonated. 

4-Benzoyldiphenyl.—It is interesting that this compound behaves similarly to cinnamy!- 
ideneacetophenone, a stable monosulphonic acid being formed rapidly. The activating 
effect of the phenylene group is apparently very similar to that of the butadiene group for 
aromatic sulphonation. 

Cinnamaldehyde.—The results suggest the slow formation of a monosulphonic acid. 


WILLIAM RAMSAY AND RALPH ForRSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, June 9th, 1953.) 


Solutions in Sulphuric Acid. Part XV.* The Sulphonation of 
Some Unsaturated Aromatic Ketones in Sulphuric Acid. 


By R. J. GILLespre and J. A. LEISTEN. 
[Reprint Order No. 4372.] 


Sulphonates of dibenzylideneacetone, cinnamylideneacetophenone, and 
dicinnamylideneacetone have been isolated from solutions of the ketones in 
sulphuric acid. The sulphonation of unsaturated aromatic ketones in 
sulphuric acid is discussed. 


[x Part XIV * it has been shown that the cryoscopic behaviour of a number of unsaturated 
aromatic ketones in sulphuric acid can be adequately accounted for if it is assumed that, 
in addition to protonation on the carbonyl group, many of them are sulphonated, in some 
cases very rapidly and more than once. We have found only one reference in the literature 
to a sulphonic acid of this type (Schroedter and Vorlander, Ber., 1903, 36, 1493). Moreover, 
it is found in general that substances which dissolve in sulphuric acid to form positive ions 
are very resistant to sulphonation.. It appeared necessary, therefore, to confirm the 
conclusions drawn from the cryoscopic experiments by isolating sulphonic acids of some of 
the ketones from their sulphuric acid solutions. This paper describes the isolation and 
identification of sulphonates of dibenzylideneacetone, cinnamylideneacetophenone, and 


* Part XIV, preceding paper. 
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dicinnamylideneacetone and discusses certain aspects of the sulphonation of unsaturated 
aromatic ketones in solution in sulphuric acid. 


EXPERIMENTAL 


Isolation of the Dilution Products.—The general method for isolating the salts was to prepare 
solutions of the ketones of the order of ten times the concentration employed in the cryoscopic 
experiments and then to dilute and neutralise the solutions in a manner which varied with the 
particular ketone. The period of time between the preparation and the dilution of a solution 
was determined by reference to the cryoscopic results, an i-factor of 4 being taken to indicate 
the formation of a monosulphonic acid, and so on, as has already been explained in Part XIV 
(loc. cit.). It was necessary, however, to take into account the fact that higher concentrations 
were used than were employed for the cryoscopic measurements. When the solute concentration 
is high, the sulphuric acid becomes appreciably diluted during the course of the sulphonation, 
so the time for complete sulphonation may be considerably increased. 

Dibenzylideneacetone.—100 g. of a 5% solution of dibenzylideneacetone in 100% sulphuric 
acid were set aside foraday. A little oleum was added to restore the acid to its original strength, 
and the solution kept for a further day. It was then poured on 100 g. of ice, and 100 c.c. of 
water were added. The acid was partly neutralised by addition of 50 g. of anhydrous sodium 
carbonate, and the resulting solid filtered off and extracted with ether to remove unchanged 
dibenzylideneacetone. The remaining solid was the sodium sulphonate. It was purified by 
recrystallisation first from sodium chloride solution and finally from very small quantities of 
distilled water. 5-5 G. of the crude sodium salt, and 0-8 g. of unchanged dibenzylideneacetone 
were obtained. The corresponding barium salt was prepared from the sodium salt by precipit- 
ation with barium chloride, and purified by recrystallisation first from barium chloride solution 
and finally from distilled water. 

Cinnamylideneacetophenone.—The procedure in this case was essentially similar to the above ; 
6-5 g. of the sodium salt, and no unchanged cinnamylideneacetophenone, were obtained from 
5-7 g. of cinnamylideneacetophenone, after a 5% solution in 100% sulphuric acid had been kept 
for 3 hours. 

Dicinnamylideneacetone.—Difficulty was experienced in obtaining a sodium sulphonate in 
this case, as might be expected from the cryoscopic results, which show that a disulphonic acid 
is obtained on dissolution of dicinnamylideneacetone in 100% sulphuric acid. In addition to 
solubility difficulties, it was found that polymerisation occurred on dilution, leading to the 
formation of resinous products. Of a variety of procedures tried, the most satisfactory was 
the slow addition of the 100% sulphuric acid solution to aqueous sodium carbonate, with cooling 
and stirring. Sufficient sodium carbonate was used to neutralise all the acid. The salt was 
obtained as a finely-divided yellow solid, which was separated by centrifugation. It was 
recrystallised from sodium chloride solution, and finally precipitated from aqueous solution by 
addition of acetone. 

Identification of the Dilution Products.—A preliminary qualitative investigation of the above 
sulphonic acid salts showed that each contained sulphur and sodium and each dissolved in sul- 
phuric acid to form a solution whose colour was identical with that of the solution of the parent 
ketone. Thesolubility of the sodium sulphonate of dicinnamylideneacetone was much moresharply 
dependent on the sodium-ion concentration than were the solubilities of the other two sodium 
salts. This difference in behaviour is consistent with the assumption that the former is the 
normal salt of a dibasic acid while the other two are salts of monobasic acids. 

Samples of each of these compounds when analysed quantitatively gave results which were 
not reproducible. The composition and structure of the dilution products were therefore 
confirmed in three ways: (i) by examining them cryoscopically in sulphuric acid; (ii) (in the 
cases of the dilution products from dicinnamylideneacetone and dibenzylideneacetone) by 
oxidation and identification of the oxidation products; and (iii) (in the case of the dilution 
product from cinnamylideneacetophenone) by conversion into the S-benzylisothiuronium 
derivative. 

(i) Cryoscopic evidence. It follows from the definition of the i-factor that, for any solution, 


M/i = (1000wky) /AOW 


where M is the molecular weight of the solute, A@ is the freezing-point depression caused by 
addition of w g. of the solute to W g. of the solvent (sulphuric acid), and ky is the cryoscopic 
constant (5-98 deg. mole! kg.). The results of some cryoscopic experiments, with slightly 
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aqueous sulphuric acid as solvent, carried out to determine M/i for each of the salts of the 
dilution products are given in the following table. 


Mii Mii 


i 
Solute* F. p. w,g. expt. theory Solute* F. p. A@ w,g. expt. theory 
10-039° —_ — — 9-838° — — — — 
I 9-598 . 0:7703 83-0 } 84 III 9-555 0-283° 0-4911 84-4 
8-827 “3 2-069 81-2 9-345 0-493 00-8501 83-8 84 
{ 9-616 — — — 8-611 1-227 2-043 81-0 
9-356 0-260 0-5711 107 109 IV 9-548 — — — 
9-250 0-298 0-5039 80-7 82 
* IT, Sodium salt of dilution product of dibenzylideneacetone. 


II, Barium ’» ns *» 
III, Sodium - cinnamylideneacetophenone. 


IV, Sodium FP ‘s dicinnamylideneacetone. 


II 


The theoretical M/i values given in the last column of this table have been calculated by 
assuming that the solutes (I)—(III) are salts of the monosulphonic acids but that (IV) is the 
disodium salt of the disulphonic acid of dicinnamylideneacetone, and that they undergo complete 
solvolysis in solution in sulphuric acid, as has been demonstrated for other sodium sulphonates 
(Part VII, J., 1950, 2537), according to the equations 


(I) C,H,*CH!CH-CO-CH:CH:C,H,SO,-}Nat + 2H,SO, = 
C,H,*CH:CH-C(OH)-CH:CH:C,H,:SO,H ++ Na* + 2HSO,- (i 
(II) C,H,*CH!CH-CO-CH:CH:-C,H,'SO,-}}Bat+ + 2H,SO, = 
C,H,*CH:CH-C(OH)-CH:CH-C,H,SO,H -+ $Bat+ + 2HSO,- 
(III) | C,H,'[CH:CH],"CO-C,H,'SO,-}Na* + 2H,SO, = 
C,H,*[CH:CH],"C(OH)-C,H,SO,H + Nat + 2HSO,- (i 


(IV) (Nat{-O,S-C,H,-[CH:CH],),CO + 3H,SO, = v 
(HO,S*C,H,-(CH:CH],),C(OH) + 2Nat+ + 3HSO,- (i 


The good agreement between the theoretical and experimental values of M/i strongly suggests 
that the assumptions on which the theoretical values were calculated is correct. 

(ii) Oxidation evidence. (a) 3-05 g. of the sodium salt of the dilution product of dicinnamyl- 
ideneacetone were refluxed with a slight excess (11-8 g.) of potassium permanganate in alkaline 
solution for 2} hr. After being filtered and acidified, a part of the solution was tested for 
sulphate ion. ‘The negative result obtained showed that none of the sulphur in the original 
substance could be attached to the side chain. The main bulk of the solution was evaporated to 
20c.c. and cooled inice, and the resulting precipitate separated by filtration. 1-87 g.ofacolourless 
crystalline solid were obtained and shown to bea p-carboxybenzenesulphonate. No benzoic acid 
could be isolated. The p-carboxybenzenesulphonic acid was identified in three ways. A 
part was fused with potassium hydroxide, and p-hydroxybenzoic acid shown to be formed by a 
mixed m. p. determination. Another part was converted into the potassium salt and titrated. 
The equivalent weight was thus found to be 240-7 (Calc.: 240-3). A third part was converted 
by way of the silver salt into the acid; m. p. 255—258°. It was therefore concluded that the 
sole aromatic oxidation product was p-sulphobenzoic acid, and that the original substance was 
the disodium salt of di-4-sulphocinnamylideneacetone, (Na*{~O,S°C,Hy[CH°CH],),CO —» 
2Na*{-O,S°C,H,°CO,H. 

(6) A solution of the sodium salt of the dilution product of dibenzylideneacetone was oxidised 
in asimilar manner. In the early stages of the oxidation benzaldehyde was detected. Benzoic 
acid was extracted from the oxidised solution by means of ether, and p-sulphobenzoic acid was 
obtained as the acid salt by evaporation and cooling, and identified in the same manner as above. 
0-99 G. of the original salt yielded 0-24 g. of benzoic acid and 0-52 g. of the acid potassium salt. 
It was concluded that the original substance was the sodium salt of 4-sulphodibenzylidene- 
acetone, Na*{-O,S°C,H,CH:CH:CO’CH:CH:C,H, —» Nat{-O,S°C,H,°CO,H + C,H;*CO,H. 

(iii) The sodium salt of the dilution product of cinnamylideneacetophenone was converted 
into the S-benzylisothiuronium derivative (Clarken and Watt, J. Org. Chem., 1941, 6, 376). 
This was recrystallised three times from ethanol and had m. p. 200—201° (Found: C, 62-7; 
H, 5-0; N, 5-9; S, 13-6. C,,H,,O,N,S, requires C, 62-5; H, 5-0; N, 5-8; S, 13-4%). It was 
concluded therefore that the original substance was the sodium salt of 4-sulphocinnamylidene- 


acetophenone. 


Gillespie and Letsten : 


DISCUSSION 


It may reasonably be concluded from the above results and those in the preceding 
paper that (1) dibenzylideneacetone in dilute solution in sulphuric acid reacts completely 
in a few hours at 25° to give mainly 4-sulphodibenzylideneacetone, (2) cinnamylideneaceto- . 
phenone in dilute solution in sulphuric acid reacts rapidly at 25° to give mainly 4-sulpho- 
cinnamylideneacetophenone, and (3) dicinnamylideneacetone reacts completely in a few 
minutes at 25° to give mainly di-4-sulphocinnamylideneacetone. The above results do 
not exclude the possibility that a certain amount of the ortho- and meta-sulphonic acids are 
formed in addition to the para-isomer in each case, although it seems that the last is formed 
in the greatest amount. 

Having now definitely established that the variation of the 7-factor with time of the 
unsaturated aromatic ketones considered in Part XIV (doc. cit.) is due to their sulphonation, 
we may discuss certain aspects of the sulphonation of this type of compound. Although 
the i-factor of most of the ketones was studied as a function of time at 25°, no quantitative 
conclusions can be drawn from the data because the concentration of the acid was changed 
throughout any given experiment by the water formed in the sulphonation process, and the 
rate of sulphonation is markedly dependent on the concentration of the sulphuric acid sol- 
vent. Certain qualitative rules, however, emerge. Study of the cryoscopic results at once 
shows the overwhelming dependence of the rate of sulphonation of a given phenyl group on 
the length of the conjugated chain separating the phenyl group from the carbonyl group. 
Closer study shows that the rate of sulphonation also depends, though to a much smaller 
extent, on the total conjugation of the molecule: thus the length of the conjugated chain 
on the remote side of the carbonyl group also has an effect on the rate of aromatic sulphon- 
ation. At 25° sulphonation of these compounds in dilute solution in sulphuric acid appears 
to be governed by the following rules : 

(1) The group Ph:CO-: is stable in sulphuric acid. This rule is illustrated by the behaviour 
of benzaldehyde, acetophenone, and benzophenone. 

(2) The group Ph-CH:CH:CO is slowly sulphonated, largely in the para-position. The 
behaviour of benzylideneacetone, benzylideneacetophenone, dibenzylideneacetone, 2 : 6- 
dibenzylidenecyclohexanone, and cinnamaldehyde is in accordance with this rule. In the 
case of the third and the fourth compound the effect of the conjugation of the molecule as 
a whole is noticeable, for, whereas the other three compounds give initially two-fold freezing- 
point depressions, dibenzylideneacetone gives an initial i-value of about 3. The deactivat- 
ing effect of the first sulphonic acid group is also noticed in the case of dibenzylideneacetone : 
the second group enters much more slowly than the first. The compound di-4-methyl- 
benzylideneacetone follows a similar rule, although in this case the sulphonic acid groups 
enter positions other than the para-position. 

(3) The group Ph:[CH:CH],°CO: is monosulphonated, mainly in the para-position, very 
rapidly. This is exemplified by the behaviour of cinnamylideneacetophenone and di- 
cinnamylideneacetone. Following this rule and the previous one, benzylidenecinnamy]- 
ideneacetone is disulphonated, the first group entering rapidly and the second slowly. 

(4) The group Ph:[(CH:CH],°CO: is sulphonated in the para-position very rapidly, and 
in both ortho-positions slowly. This rule is suggested by the cryoscopic results obtained 
with 1: 13-diphenyltrideca-1 : 3:5: 8:10: 12-hexaen-7-one. The orientation of the 
sulphonic acid groups is an assumption, but it seems unreasonable to expect the most 
reactive of the compounds to form meta-derivatives when no such derivatives have been 
detected in the case of the less reactive ketones. The behaviour of 1 : 11-diphenylundeca- 
| : 3: 6:8: 10-pentaen-5-one is in line with this rule and the preceding one. 

Preparative sulphonation procedures generally employ drastic conditions : long periods 
of heating at high temperatures with sulphuric acid containing excess of sulphur trioxide. 
In addition, in the only previous preparative work on compounds of this type, Schroedter 
and Vorlander (loc. cit.) obtained 4-sulphodibenzylideneacetone by storing a solution of 
dibenzylideneacetone in 100% sulphuric acid for one month, a fact which doubtless explains 
why previous workers have not interpreted the cryoscopic results in terms of sulphonation. 
For these reasons, the ready sulphonation that we have observed in the case of certain 
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unsaturated aromatic ketones deserves comment. One of the reasons for the extreme 
conditions employed in preparative sulphonations is simply that it is undesirable to use a 
large excess of acid, as in the cryoscopic experiments, because of the greater difficulty of 
isolating the products. The water formed in the course of the reaction consequently dilutes 
the acid appreciably and the reaction rate falls correspondingly: Thus in order to ensure 
that the reaction goes to completion, long reaction times, high temperatures, and sulphon- 
ating mixtures of high sulphur trioxide content are used. The one month’s reaction time 
used by Schroedter and Vorlander (loc. cit.), even for such a reactive compound as dibenzyl- 
ideneacetone, is understandable in view of the relatively concentrated solution that they 
employed. 

These considerations partly explain the very rapid sulphonation, under cryoscopic 
conditions, of the unsaturated aromatic ketones we have investigated. Nevertheless, it 
is evident that these compounds are very reactive towards aromatic sulphonation and 
probably towards aromatic electrophilic substitution generally. The carbonyl group, which 
becomes protonated in 100% sulphuric acid, deactivates the aromatic nucleus by its negative 
inductive and mesomeric effects. Thus, benzophenone, for example, is stable in 100% 
sulphuric acid at 25°, and when sulphonation does occur, it does so at high temperature 
and in the meta-position (Lapworth, /., 1898, 73, 408). The deactivating effect of the 
carbonyl group would be expected to be much reduced in the group -CH:CH-CO;,, partly 
because of the intervention of the carbon chain but mainly because the ethylenic group 
exerts a positive electromeric effect. Accordingly, compounds which include the group 
C,H,*CH°CH-CO: are readily sulphonated at 25° mainly in the para-position. Of related 
interest are the results of Bordwell and Rhode (J. Amer. Chem. Soc., 1948, 70, 1191) who 
showed that cinnamic acid is nitrated mainly in the ortho- and para-positions at approxi- 
mately the same rate as chlorobenzene, of Baker and Wilson (J., 1927, 842) who found that 
only 2% of the meta-isomer was formed in the nitration of w-nitrostyrene, and of Baker 
and Eccles (J., 1927, 2125) who found only 3% of the meta-isomer in the nitration of methyl 
benzylidenemalonate, C,H;*CH:C(CO,Me),. The introduction of further double bonds 
between the carbonyl group and the aromatic nucleus would be expected to obscure 
completely the deactivating effect of the carbonyl group and lead to an overall activating 
effect for the groups *[CH:CH],°CO: and -[CH:CH],°CO». Accordingly, compounds con- 
taining the group C,H;*[(CH:CH],*CO- are monosulphonated very rapidly, mainly in the 
para-position, and those containing the group C,H;*[(CH:CH],°CO: are polysulphonated very 
rapidly in both the ortho- and para-positions. The only related compound that appears 
to have been studied previously from the point of view of aromatic substitution is methyl 
cinnamylidenemalonate, the nitration of which was shown by Baker and Eccles (loc. cit.) to 
yield less than 1% of the meta-isomer. 

It was mentioned in Part XIV (loc. cit.) that one of the reasons for the early interest 
taken in the compounds we have been studying was their halochromism in sulphuric acid 
and other acids. This halochromism has been further studied recently by means of ultra- 
violet absorption spectra measurements by the present authors in collaboration with Dr. V. 
Gold and Dr. B. W. V. Hawes, and the results of this work will be reported later. The 
present work shows that the colour of these compounds in sulphuric acid cannot be attri- 
buted to any type of ‘‘ complex ” ionisation such as the ionisation of triphenylmethanol 
as a secondary base to give the coloured triphenylcarbonium ion: CPh,°OH -+ 2H,SO, = 
CPh,* -++ H,O* + 2HSO,-, but is due simply to the protonation of the carbonyl group 
giving rise to an ion which is intensely coloured because of the possibility of resonance of 


a positive charge along a conjugated chain, ¢.g., 


AN ‘CH-C-CH! aN \_CE-CH'C-CH’ LN 
Sd eT cet <> a, =CH-CH:¢ cH:cH-<_S 
OH OH 
In agreement with theory (cf. Maccoll, Quart. Reviews, 1947, 1, 16) the colour of the 
sulphuric acid solutions of these substances changes from yellow to deep red, 7.e., the 
wave-length of the absorption maximum shifts to longer wave-lengths, as the length 
of the conjugated chain is increased, ¢.g., in the series Ph‘COMe, Ph-CH:CH-COMe, 
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Ph:(CH:CH],-COMe. Finally, it may be concluded that the conflicting spectroscopic 
results obtained by the many early workers on the halochromism of these compounds 
were due largely to their failure to recognise the occurrence in many cases of rapid 
sulphonation in sulphuric acid solution. 


The authors thank Professor C. K. Ingold, F.R.S., Professor E. D. Hughes, F.R.S., and Dr. 
P. B. D. de la Mare for valuable comments and criticisms of this and the preceding paper. 
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Magnetic Moments and Stereochemistry of Cobaltous 
Compounds. 


By B. N. Ficcis and R. S. NYHOLM. 
[Reprint Crder No. 4463.] 


The orbital contributions to the magnetic moments of four- and six-covalent 
cobaltous compounds when the binding is (i) ‘“‘ ionic ’’ and (ii) ‘‘ covalent ”’ 
are compared. In the first case, in which no electron pairing occurs, it is well 
established that the orbital contribution is smaller in the four-covalent 
(tetrahedral) complexes than in those which are six-covalent (octahedral). 
When electron pairing occurs, however, it is found experimentally that the 
orbital contribution is much larger in the four-covalent (square planar) 
molecules. The small orbital contribution in octahedral ‘‘ covalent ”’ 
molecules can be understood on the Pauling theory if promotion of the 
electron to a 5s orbital is accepted, but the theoretical interpretation of the 
square planar case is more difficult. The possible use of the relative sizes 
of the orbital contributions as a diagnostic tool in inorganic stereochemistry 
is discussed. 


THE magnetic moments (u) of bivalent cobalt compounds fall into two classes. In the 
first, the so-called “ ionic’ complexes, yu lies in the range 4-3—5-6 B.M., whilst, in the 
second, much smaller values (1-8—2-9 B.M.) are observed. In the ground state (4F,) the 
Co** ion contains three unpaired 3d electrons (cf. Table 1), and if the magnetic moment is 
calculated on the “ spin only” formula, p = +/4S(S + 1), a value of 3-88 B.M. is expected. 
It is generally assumed (Pauling, ‘‘ Nature of the Chemical Bond,” Cornell Univ. Press, 2nd 
Edn., 1940, p. 112; Nyholm, Quart. Reviews, 1953, 7, 377) that the first class of moments 
arise from the presence of so-called “ ionic ” or “ higher-level covalent bonds ” (cf. Taube, 
Chem. Reviews, 1952, 50, 69; Burstall and Nyholm, /., 1952, 3570), the three unpaired 
electrons of the Co** ion remaining uncoupled. The higher-level covalent bonds expected 
are 4s4f° (tetrahedral) in a four-covalent complex and 4s4)*4d? (octahedral) when the com- 
plex is six-covalent. The excess over the “‘ spin only ” value of 3-88 B.M. is attributed to 
incomplete quenching of the orbital contribution which has the value L(Z + 1) in the 
expression u = ~/L(L + 1) + 4S(S + 1). The smaller moments observed in the second 
class of compound are taken to indicate electron pairing owing to the formation of strong 
covalent bonds using one or two of the 3d orbitals of the Co(1) atom, 7.¢., 3d4s4p? square or 
3d*4s4p% octahedral complexes respectively. As with the “ ionic ’’ compounds, the orbital 
contribution in excess of the “spin only” value for one unpaired electron (1-73 B.M.) varies 
from one compound to another. 

The relation between stereochemistry and orbital contribution in “ ionic ’”’ compounds 
has been established on a sound theoretical basis and the conclusions are consistent with 
experimental results (for detailed references see Nyholm, Joc. cit.) Briefly, when the Co*' 
ion, which is in an F spectroscopic state, is surrounded by four ligands at the corners of a 
tetrahedron the resulting negative cubic crystalline field constant gives rise to a Stark 
pattern composed of a lowest-lying single state separated from two triply degenerate 
levels by energy intervals kT. As a result the level almost exclusively occupied is 
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the lowest-lying singlet. This causes the metal atom to behave very much as though it were 
in an S state, for which the orbital contribution is zero. In octahedral “ ionic ’’ complexes, 
however, the cubic crystalline field constant is positive; this causes an inversion of the Stark 
pattern observed for the negative field constant and the triplet is now the lowest-lying 


TABLE 1. Stereochemistry of cobaltous compounds. 
Stereo- Range of 
chemistry magnetic 
and bond moment 


Type of 
orbitals (B.M.) 


binding Electronic arrangement 


c 
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TABLE 2. Magnetic moments of cobaltous compounds. 
Square complexes 


Octahedral complexes 


‘Substance Moment 


‘Substance Moment 
K, bisoxamide Co(I!) ............. 


[Co(NO,),]4~ ion (compounds with 
different cations) : S.deughadl K, bismalonamide Co(11) 
K,Ca[Co(NO,) 6] K, bis- 72: | peeeeenetiail 


K,Pbi (Co(NO, el , amine Co(I1) 
[Co(Diarsine), |[ClO,], : (And 17 similar substituted com- 


(Co(NH, ),NO} Cl, f pounds) ... wes 
(Co(Triarsine), }[C10,], Bis- salicylaldoxime Co(tt) 
Bis-o-aminophenol Co(11) 
Bisdimethylglyoxime Co(r1) 
* Mellor and Craig (ref. 9) have reported a Bisbenzylmethylglyoxime Co(1) 
moment of 1-76 B.M. for this compound. How- Bisbenzildioxime Co(11) 
ever, Dr. Mellor (personal communication to Bisrubeanic acid Co(I!) ............ 
R. S. N.) has pointed out that as no precautions to Bisthiosemicarbazide Co(11) 
exclude oxygen were observed [shown to be essen- Bisxanthic acid Co(I!) 
tial by Calvin e¢ al. (ref. 6)] this value is almost Co(11) Phthalocyanine .... 
certainly too low. Co(11) Protoporphyrin dimethyl 
t It must be emphasised that the presence of ester .... fe 
Co(m) in this compound is by no means certain. Bis- salicylylidenepropylenedi- 
amine Co(II)... = 
Bismonobenzylglyoxime ‘Co(11) . vs 
Co ethylene biguanidinium ag 


~ 
SCesesecwewreowoce D> 


_ 
_ 


12 
13 


2-6 14 
Co biguanidinium sulphate 2-6 14 


1, Cambi, Ferrari, Coriselli, Solenghi, and Colla, Gazzetta, 1935, 65, 1162. 2, Ray and Sahu, /. 


Indian Chem. Soc., 1946, 28, 161. ‘ Burstall and Nyholm, J., 1952, 3570. 4, Ray and Ghosh, /. 
Soc. N.S.W., 1944, 78, "95. 


ype Chem. Soc., 1943, 20, 409. 5, Mellor = Craig, J. Proc. Roy. 

Calvin, Bailes, Wilmarth, and Barkelew, J. Amer. Chem. Soc., 1946, 68, 2267. 7, Cambi, Gazzetta, 
1935, 65, 322. 8, Barclay ‘and Nyholm, Chem. and Ind., 1953, 378. 9, Mellor and Craig, J. Proc. 
Roy. Soc. N. ‘SW. 1941, 74, 475. 10, Senff and Klemm, J. prakt. Chem., 1939, 154, 73. 11, Falk 
and Nyholm, unpublished experiments. 12, Mellor and Craig, J. Proc. Roy. Soc. N.S.W., 1942, 75, 
15 13, Cambi, Rend. Ist. Lombardi Sci., 1938, 71, 85. 14, Ray and Ghosh, J. Indian Chem. Soc., 


1943, 20, 323. 


This triplet is split by the small rhombic field component invariably present 
into three levels separated by energy intervals <k7T; each of these sub-levels is occupied 


energy level. 


to an extent dependent upon the relative size of kT and of the energy intervals. The orbital 
contribution is now no longer small and the moments are expected to lie somewhere between 
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the spin only value of 3-88 B.M. and the Boltzmann value of 5-2 B.M. with a considerable 
orbital contribution and with high anisotropy. On the other hand, moments closer to the 
‘spin only ” value are expected for tetrahedral complexes. Experimentally it is found 
that tetrahedral complexes have moments in the range 4-3—4-7 B.M. with low anisotropies, 
whilst those of octahedral complexes are in the range 4-8—5-6 B.M. with high anisotropies 
(Bose, Indian J. Phys., 1948, 22, 33; Kanekar, Thesis, London, 1953). This is in general 
agreement with theoretical expectations. 

The case when the ligands are attached to the Co(1) atom by “ lower-level covalent 
bonds’ has not been examined theoretically and the problem is one of considerable 
difficulty. However, an examination of all the available experimental data (Table 2) 
shows a good correlation between stereochemistry and orbital contribution. Both six- 
and four-covalent Co(11) complexes containing one unpaired election are known; the 
six-covalent compounds are undoubtedly octahedrally co-ordinated, e.g., the [Co(NO,),|*- 
ion (Sidgwick, ‘“‘ The Chemical Elements,” Oxford, 1950, p. 1447), whilst the four- 
covalent compounds are assumed to be invariably square planar. The latter assump- 
tion is based partly on Pauling’s theory relating stereochemistry and magnetism; the 
presence of one unpaired electron indicates the use of 3d4s4p* square bond orbitals 
as in the corresponding diamagnetic bivalent nickel complexes (see Table 1). 
Experimental support for the square arrangement is provided by X-ray studies on certain 
quadridentate Co(11) complexes used as oxygen carriers (Calvin, Bailes, Barkelew, and 
Wilmarth, ]. Amer. Chem. Soc., 1946, 68, 2267). The hypothesis is also supported by the 
fact that Co(11) complexes which are necessarily square owing to the steric requirements of 
the ligand, e.g., Co(11) phthalocyanine, contain one unpaired electron. 

Table 2 shows that the octahedral complexes have uniformly low orbital contributions, 
whereas the orbital contribution in square complexes is much larger; the high magnetic 
moments of the (necessarily) square protoporphyrin and phthalocyanine complexes are 
especially noteworthy. It should be mentioned that, although the actual orbital increment 
over the spin only value is smaller for square covalent compounds than it is for octahedral 
ionic compounds, the ratio orbital contribution : “‘ spin only ” moment is of the same order 
in both cases. This suggests that an explanation based on energy level intervals >kT 
and <kT for the covalent octahedral and square arrangements respectively is applicable 
here also. However, the use of lower d orbitals or, what is equivalent, the presence of 
“strong ” crystalline fields (Orgel, J., 1952, 4756) precludes couching of the explanation 
in terms of free-ion spectroscopic states as was done in the case of so-called “ ionic ”’ bonds. 

It is proposed that the size of the orbital contribution in “‘ covalent ”’ Co(11) complexes 
may be used as an empirical criterion of stereochemistry even though a detailed theoretical 
basis is not yet available.. In short, those Co(11) complexes for which yu lies between the 
“spin only ”’ value of 1-73 and 2-0 B.M. may be taken as octahedral and those for which u 
lies between 2-1 and 2-9 B.M. can be regarded as square planar. The only exception to this 
generalisation appears to be five-covalent Co(11) complexes; only two of these have been 
reported—the complex cyanide K,Co(CN); (Adamson, J. Amer. Chem. Soc., 1950, 72, 
4030; 1951, 73, 5710) and the tristertiary arsine complex CoBr,Triarsine (Barclay and 
Nyholm, Chem. and Ind., 1953, 378). The former is diamagnetic in the solid state but has a 
moment ca. 1-7 B.M. in solution. Although it is possible that the anion is hydrated to 
give the octahedral [Co(CN);(H,O)]*- ion, Adamson (loc. cit.) considers this improbable. 
The absence of an energetically favourable vacant orbital to accommodate the sixth ligand 
without the unlikely promotion of two electrons also makes this improbable. The moment 
of the triarsine complex is <2-02 B.M. The evidence supporting the conclusion that this 
is five- rather than four-covalent is discussed by Barclay and Nyholm (loc. cit.) In all 
but one of the octahedral complexes quoted the six groups attached to the Co(1) atom are 
identical and the question arises whether a small orbital contribution would still be expected 
in a complex of the type (CoX,Cl,]° wherein X is a neutral donor group. It seems most 
unlikely that the crystalline field would differ very much from the usual cubic symmetry of 
the octahedral case and in any case, on the “‘ promotion” theory discussed below, the 
unpaired electron should still have a negligibly small orbital contribution. 

The simple Pauling theory of ‘‘ promotion ” of electrons to make available orbitals for 
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bond formation gives some theoretical support for the empirical rule. As shown in Table 
1, the use of 3d24s4p3 bond orbitals makes it necessary to promote the unpaired electron 
above the 4 level and it would almost certainly occupy the next orbital of lowest energy 
available, which isa 5s. Such an electron is in an S state, and the moment is expected to 
agree fairly closely with the “ spin only ” value of 1-73 B.M. The small orbital contribu- 
tion in octahedral complexes shows that this indeed is the case. It is of interest to note 
that octahedral Ni(111) complexes, which are iso-electronic with Co(11), similarly have only a 
small orbital contribution (Burstall and Nyholm, Joc. cit). On the same model, the square 
Co(11) complexes use 3d4s4f? bond orbitals, the unpaired electron being in the 3d shell. 
Of the nine electrons now in the 3d shell, one pair is used for bond formation, three pairs are 
free, and one electron is unpaired; as a result the magnetic behaviour might be expected 
to be complicated. It is not possible to regard the atom as being ina D state, as with a Cu?* 
ion, and hence interpretation in terms of the theory used when in discussions of “‘ ionic ” 
bonds is more difficult. However, a study of the anisotropy and temperature dependence 
of susceptibility for both octahedral and square covalent compounds should prove of con- 
siderable value. It may well prove that when the moments of octahedral complexes are 
calculated from the expression » = 2-84+/y,,(7 + 6), in which the 0 correction is allowed 
for, they will approximate even more closely to the “ spin only ” value for one unpaired 
electron. Such studies are now being carried out in these laboratories. 

It is possible that the size of the orbital contribution in covalent cobaltous complexes 
may prove of value in predicting the stereochemistry in compounds of biological importance, 
and reference has already been made to the abnormally high magnetic moments of the 
phthalocyanine and protoporphyrin Co(11) complexes. 


The authors are indebted to Professor D. P. Craig for valuable discussions. 
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The Conversion of Thiophen into 4:7: 8: 9-Tetrahydro- 
4: 7-sulphinylthionaphthen 1 : 1-Dioxide. 
By W. Davies and F. C. JAMEs. 
[Reprint Order No. 4570.] 


4: 7:8: 9-Tetrahydro-4 : 7-sulphinylthionaphthen 1: 1-dioxide (II) is 
produced by the oxidation of thiophen with hydrogen peroxide in acetic 
acid. Its structure is shown by oxidative degradation to benzaldehyde, by 
its conversion at about 180° into thionaphthen-1 : 1-dioxide, and by infra- 
red spectral analysis. 


INTERACTION of thiophen and hydrogen peroxide in glacial acetic acid (Davies, Gamble, 
James, and Savige, Chem. and Ind., 1952, 804) produces a crystalline compound, 
C,H,0,S,, which decomposes, according to the rate of heating, at 182° to 202°. At its 
melting point or when refluxed in a solvent (b. p. 175—180°), this is converted into products 
from which thionaphthen 1 : 1-dioxide (III) is easily separated. The sulphur dioxide also 
detected is probably from (III) which (Davies, Gamble, and Savige, /., 1952, 4678) is 
readily converted by heat into sulphur dioxide and derivatives of 9-thiafluorene such as 
(V). Small yields of benzaldehyde have been isolated by steam-distillation of the 
oxidation products formed from the compound, C,H,O,S,, by hydrogen peroxide or 
potassium permanganate. These reactions and the infra-red spectrum (see p. 18) prove 
structure (II) for the compound, C,H,O,S,. Since benzaldehyde is not produced by 
oxidation of (III) under the same conditions, it seems evident that the fission of the 
C(oy-Cyg link in (IT) occurs before loss of the sulphinyl bridge, and the hypothetical aldehydic 
acid (VI) should be quickly decarboxylated and aromatised in the oxidising environment. 
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The loss of sulphur dioxide from benzaldehyde sulphinic acid to yield some benzaldehyde 
would be likely, since it is known that another electrophilic ortho-group (NO,) causes some 
aromatic sulphinic acids to decompose readily in this way (Dann and Davies, J., 1929, 
1051). 

There is doubt as to the exact mechanism of the formation of (II) from thiophen. It 
is plausible that a molecule of thiophen adds to a molecule of its monoxide (I) or dioxide to 
give an intermediate of type (II), in which however the bridge would be unoxidised Sulphur, 
and the other sulphur atom would be in the sulphoxide or sulphone form. Either 
compound could then be oxidised to (II). Though this mechanism is at first sight 
supported by the three known instances of thiophen derivatives combining with a 
dienophile (maleic anhydride), in each of these cases every carbon atom of the thiophen 
nucleus is attached to an aromatic group (Barnett, J., 1935, 1326; Clapp, J. Amer. Chem. 
Soc., 1939, 61, 2733; Allen and Gates, zbid., 1943, 65, 1283). Now, in such arylated 
thiophens the aromatic character of the thiophen nucleus is diminished, since such com- 
pounds, e.g., dibenzothiophen and tetraphenylthiophen, give stable crystalline sulphones, 
unlike thiophen itself. Hence the development of an active 1:4 conjugated system in 
arylated thiophens is not cogent evidence for thiophen’s behaving similarly, to form an 
adduct containing an unoxidised sulphur bridge. Another possible mechanism is that the 
unknown (I) forms a dimer [as (II) but with SO for SO,] which is then stabilised by 
oxidation to (II). Though it is unusual for a compound thus to function simultaneously as 
diene and dienophile, there is a formal analogy in the behaviour of (III) which is converted 
by heat, presumably through the adduct (IV), into 10: 11-dihydro-9-thia-3 : 4-benzo- 
fluorene 9 : 9-dioxide (V) (Bordwell, McKellin, and Babcock, J. Amer. Chem. Soc., 1951, 
73, 5566; Davies, Gamble, James, and Savige, loc. cit.; Davies, Gamble, and Savige, /., 
1952, 4678). Moreover, Alder (‘‘ Newer Methods of Preparative Organic Chemistry,”’ 
Interscience Publ. Corpn., New York, 1948, p. 459) formulates the dimers of the unknown 
monomeric tetrachlorocyclopentadienone and cyclopentadienone oxime as Diels—Alder 
adducts. Perhaps the most probable mechanism is the one shown, viz., that (I) combines 
with thiophen dioxide to form (II). It is known that a sulphinyl group can activate a 
2 : 3-double bond, though not as strongly as a sulphone group which can be very powerful, 
especially in cyclic compounds such as 2 : 3-dihydrothiophen 1 : 1-dioxide (Alder, Rickert, 
and Windemuth, Ber., 1938, 71, 2451). The addition of the diene (I) to the relatively 
dienophilic thiophen dioxide to form (II) would then follow conventional lines. 

The reactions of (II) have implications of inorganic chemical interest. The theoretical 
fission product in the conversion of (II) into (III) is the unknown hydrogen sulphoxide, 
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H,SO, which may yet be isolated. Surprisingly, sulphur dioxide was the only inorganic 
sulphur compound detected when (II) was heated in the absence of air. The interaction 
of (II) with sodium hydroxide does not simply remove the sulphinyl bridge but produces 
unstable compounds which may be derived from the transient formation of an unisolated 
sulphenic acid. This may not exist in the free state since sulphenic acids are very unstable, 


[1954] Tetrahydro-4 : 7-sulphinylthionaphthen 1 : 1-Dioxide. 17 


in fact apparently the only one known is anthraquinone-l-sulphenic acid, which is 
stabilised by hydrogen bonding (Kharasch, Potempa, and Wahrmeister, Chem. Reviews, 
1946, 39, 269). 

Finally, Backer and Melles (Kon. Ned. Akad. Wet., 1951, 54, B, 340) refer to a white 
solid, CgH,O,S,, m. p. 177°, produced by the interaction of perbenzoic acid and thiophen 
(W. Stevens, Thesis, Gréningen, 1940), and this substance is doubtless identical with (II), 
of which the melting point varies greatly with the rate of heating. Melles (Thesis, 
Groningen, 1951) describes several “ sesqui-oxides ”’ obtained by the oxidation of thiophen 
derivatives, and on page 26 provisionally formulates one of them, the $,0, compound 
obtained from 3: 4-dimethylthiophen (as VII), the main evidence for this being the 
analysis and the loss of sulphur dioxide at the melting point. It is probable that Melles 
(whose Thesis was only available to us after this paper was submitted for publication) was 
on the verge of suggesting from analogy the structure (II) for the “ sesquioxide”’ of 
thiophen. 


EXPERIMENTAL 


4: 7:8: 9-Tetrahydro-4 : 7-sulphinylthionaphthen 1: 1-Dioxide (II).—A mixture of hydro- 
gen peroxide (6%; 500 ml.) and thiophen (20 g.) in glacial acetic acid (200 ml.) was refluxed, 
and four further quantities of hydrogen peroxide (6%; 100 ml.) were added at intervals of 
15 min. Refluxing was continued for a second hour, the colour changing from yellow to orange- 
red and finally to yellow again, and the cooled solution, which contained sulphate ion, was 
extracted with ether (4 x 250 ml.) and then with chloroform (4 x 250 ml.), and the organic 
extracts were dried (MgSO,). The ether yielded an oil which gradually deposited fumaric acid 
(0-3 g.), identified by its m. p. and the m. p. and mixed m. p. (148—149°) of the di-p-nitrobenzyl 
ester. The chloroform extract gave 1-5 g. of the compound (II), m. p. 178—181-5° (decomp.). 
This is also produced, in about 0-1 g. yield, from 22 g. of thiophen in glacial acetic acid (200 ml.) 
and hydrogen peroxide (30%; 60 ml.) at 45° (20 hr.), but this mixture gave the best yields 
(1-5—4-1 g.) when kept at room temperature for 3—-18 days. The maximum yield was after 
7 days, and under these conditions no fumaric acid was isolated. 

4:7: 8: 9-Tetrahydro-4 : 7-sulphinylthionaphthen 1: 1-dioxide separates from alcohol in 
needles, m. p. 182-5—183-5° (decomp.). The m. p., actually a decomposition temperature, 
varies extremely with the rate of heating; thus when the specimen is put into a bath at 197° 
the m. p. can be raised to 202° [Found: C, 44-4; H, 3:5; S, 29-6%; M (Rast), 235, 255. 
C,H,O,S, requires C, 44-5; H, 3-7; S, 29-6%; MM, 216]. It is soluble in acetone, alcohol, 
chloroform, carbon tetrachloride, or hot water, and insoluble in ether or benzene. It is neutral 
to litmus, and negative tests with isatin-sulphuric acid, p-nitrophenylhydrazine, and methyl- 
magnesium iodide show the absence of certain thiophen derivatives, a carbonyl group, and 
active hydrogen, respectively. Though stable to hot ammonia solution it is rapidly attacked 
by hot dilute sodium hydroxide solution, which becomes pale green, yellow, and finally orange, 
and this solution gives an immediate red-purple colour with sodium nitroprusside. Acidific- 
ation of the alkaline solution gives hydrogen sulphide (detected by conversion into methylene- 
blue) and a white solid, rapidly becoming first grey and then yellow, which separates from 
benzene-light petroleum as an amorphous solid, m. p. 50° to 85°. A low-melting amorphous 
substance and hydrogen sulphide are also formed when (II) is reduced by hydriodic acid, or by 
tin and zine with hydrochloric acid. Hot aqueous ferric chloride solution and (II) produce a 
stable dark-green colour. Some of the above degradation and colour changes are compatible 
with the initial formation of an unstable sulphenic acid. 

Action of Heat on (II).—Decomposition takes place apparently with the evolution of sulphur 
dioxide, for when (II) was gently refluxed in o-dichlorobenzene in an atmosphere of nitrogen a 
gas was given off which reacted with chromate, permanganate, and water, in ways typical of 
sulphur dioxide. It is not however certain whether some of the sulphur dioxide was derived 
from (II) or from thionaphthen dioxide; this was formed when technical o-dichlorobenzene 
(20 ml.; b. p. 175—180°) containing 0-5 g. of (II) was refluxed for 2 hr., some sulphur dioxide 
being evolved. The filtered solution was poured on to a column of alumina and developed with 
benzene. ‘The least adsorbed material, m. p. 136—139°, gave a strong bluish-white fluorescence 
in ultra-violet light, and after purification by further chromatography and crystallisation from 
benzene-light petroleum gave very pale yellow needles, m. p. 139-5—140°, undepressed on 
admixture with thionaphthen 1: l-dioxide (Found: C, 57-9; H, 3:8; O, 18:8. Calc. for 
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C,H,O,S: C, 57-8; H, 3-6; O, 19:3%). This is also formed when (II) is kept in the molten 
state at about 184° for a few minutes. 

Formation of Benzaldehyde from (I1).—To a boiling solution of (II) (0-5 g.) in water (15 ml.), 
hydrogen peroxide (30%; 5 ml.) was added, and the same amount again after 15 min., the 
solution becoming greenish-yellow. After refluxing for a further 15 min. the solution was 
distilled at atmospheric pressure, the peroxide in the distillate was destroyed by permanganate, 
and on redistillation the distillate from this solution smelt of benzaldehyde, gave a positive 
Schiff test, and with -nitrophenylhydrazine hydrochloride yielded sulphur-free brick-red 
plates (from alcohol), m. p. 182—183° (Found: C, 64-4; H, 4:5; N,17-0. Calc. for C,3;H,,0O,N;: 
C, 64-7; H, 4-6; N, 17-4%). The identity of this slightly impure benzaldehyde p-nitropheny]l- 
hydrazone was shown by its conversion into the yellow form at 140° (Ciusa, Vecchiotti, Chem. 
Zentr., 1911, II, 865), and also by crystallisation from benzene as yellow needles, m. p. and 
mixed m. p. 191°. Benzaldehyde is also obtained from (II) by oxidation with aqueous 
potassium permanganate but not with bromine water. In all three oxidation processes, (II) is 
decomposed with the formation of sulphate ion. 

Infra-red Spectrum of (I1).—The report received is as follows: ‘‘ There are no carbonyl or 
hydroxyl bands. There are three strong bands at 1068, 1142, and 1292 cm.-1 and these suggest 
both the sulphoxide (1068) and sulphone (1142 and 1292). The value 1292 cm.~ is lower than 
usual but both the values fall in the allowed range given by Colthup and their intensity would 
confirm that they are not combination bands. The band at 1600 cm. may perhaps indicate an 
aromatic nucleus.” 


The authors thank Dr. J. B. Willis and Mr. R. L. Werner for the above spectral report, the 
Vacuum Oil Co. Pty. Ltd., Melbourne, for a gift of thiophen, and Mr. H. Spruijt for the Dutch 
translation. 
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Derivatives of Benzo-1:4-dioxan. Part I. Some Halogenated Benzo- 


1: 4-dioxans and Amino- and Nitro-derivatives thereof. 
By P. M. HEErTJEs, (Miss) A. A. Knape, H. Tatsma, and P. ANDRIESSE. 
[Reprint Order No. 4578.] 


Standard methods are used to prepare and orientate 6-chloro-, 6-bromo-, 
6: 7-dichloro-, and 6: 7-dibromo-benzo-1:4-dioxan and some nitro- and 
amino-derivatives thereof. 


IN an investigation of dyes, particularly azo-dyes, derived from benzo-1 : 4-dioxan (III), 
several simple derivatives were required. The present paper records the preparation of 
the derivatives mentioned in the Summary; the dyes will be described later. 

The reactions realised are shown in the annexed chait; those marked with broken 
arrows have already been recorded elsewhere. The methods used were halogenation in 
acetic acid, nitration (usually with nitric acid alone), reduction of nitro- to amino-groups 
(usually with stannous chloride), and diazo-reactions. 

The orientations of the 6-nitro-, 6-amino-, and 6-amino-7-nitro-compounds being 
known, those of the others follow from the interconversions effected, except that for (I) 
and (XXYV) the 5: 8-substitution is not rigidly proved. 

The following points merit mention. 6-Bromo-7-nitrobenzo-1 : 4-dioxan (XI) is 
unaffected by iron or tin in dilute hydrochloric acid; stannous chloride in aqueous- 
ethanolic hydrochloric acid reduces the nitro-groups but also removes the bromine; the 
amino-bromo-compound (XVI) is obtained by cathodic reduction, but in only 24% yield, 
and is best prepared from 6-acetamidobenzo-1 : 4-dioxan (XVII) by bromination and 
subsequent hydrolysis. Stannous chloride also removed the bromine from (V), and this 
is the best method for preparation of the 5: 8-diamine since the 5 : 8-dinitro-compound can 
be obtained only indirectly and in poor yield (unpublished work). On the other hand, the 
chlorine in 6: 7-dichloro-5 : 8-dinitrobenzo-1 : 4-dioxan (IX) was removed by stannous 
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chloride in only one experiment, the product in all the others being the 5 : 8-diamino- 
6: 7-dichloro-compound (XIV). 5-Acetamido-8-aminobenzo-1 : 4-dioxan (XV) _ yields 
azo-dyes giving bright fast colours. 


EXPERIMENTAL 


6-Bromobenzo-1 : 4-dioxan (V1).—This, b. p. 153—154°/23 mm., was obtained in 60% yield 
as described by Ghosh (J., 1915, 107, 1592) who gave b. p. 275—276°/754 mm. but did not 
orientate the compound. 

6-Bromo-7-nitrobenzo-1 : 4-diovan (XI).—(a) To a stirred mixture of 6-bromobenzo-] : 4- 
dioxan (18-35 g.) in water (25 ml.) at 60° nitric acid (d 1-52; 5-5 ml.) was added dropwise. The 
precipitated nitro-compound crystallised from ethanol and then acetic acid as faintly yellow 
needles (60%), m. p. 171-9—172-1° (Found: N, 5-4, 5-3. C,H,O,NBr requires N, 5-4%). 


a 
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(6) 6-Amino-7-nitrobenzo-1 : 4-dioxan (X XVI) (5 g.) in a mixture of concentrated sulphuric 
acid (10 ml.) and water (25 ml.) was diazotised at 20° with a solution of sodium nitrite (1-75 g.) 
in water (3 ml.) and then poured into a boiling cuprous bromide solution prepared by boiling 
copper sulphate (1-6 g.), copper turnings (0-5 g.), sodium bromide dihydrate (4 g.), concentrated 
sulphuric acid (2 ml.), and water (25 ml.) under reflux for 3 hr. The yellow precipitate (60% 
yield) had m. p. and mixed m. p. 170-1—171-1° after repeated crystallisation from ethanol. 

6-Bromo-5 : (?)7 : ( ?)8-trinitrobenzo-1 : 4-dioxan (XXV).—6-Bromo-7-nitrobenzo-1 : 4-dioxan 
(2-85 g.) was dissolved in nitric acid (d 1-52; 12 ml.) at 0°, kept for 2 hr. at room temperature, 
and then poured into ice-water (80 ml.). The precipitated trinitro-compound (3-0 g., 80%) 
crystallised from 1 : 1 ethanol-acetic acid and then isobutanol, yielding faintly yellow needles, 
m. p. 248-2—248-6° (Found: N, 11:8, 11-9. C,H,O,N,Br requires N, 12-0%). 

6-A mino-7-bromobenzo-1 : 4-diovan (XVI).—(a) Cathodic reduction of 6-bromo-7-nitro- 
benzo-1 : 4-dioxan was effected (see Heertjes and Dahmen, Rec. Trav. chim., 1943, 62, 620) ina 
copper vessel as cathode, with a lead anode. The catholyte consisted of the nitro-compound 
(5 g.) in ethanol (150 ml.) containing concentrated hydrochloric acid (20 ml.) and stannous 
chloride dihydrate (1-5 g.), and the anolyte was aqueous sulphuric acid (1:4). A current of 
2 amp., at a density of 3—7 amp./100 cm.?, was passed through the solution at 25—30° for 
24hr. Unchanged nitro-compound was filtered off from the cathode liquid, the filtrate basified 
with sodium hydroxide solution, and the amine extracted with ether. Passage of hydrogen 
chloride through the extract precipitated the hydrochloride (1-25 g., 24%). To a solution of 
this in the minimum amount of water, sodium acetate (2 g.) and then acetic anhydride (2 ml.) 
were added. After the mixture had been kept for 15 min., with occasional shaking, the excess 
of anhydride was destroyed by boiling. 6-Acetamido-7-bromobenzo-1 : 4-dioxan (XXI) (1-02 g., 
80%) separated from the solution on cooling and, when recrystallised from water, had m. p. 
179-1—179-4° (Found: N, 5-2, 5-2. C,9H,,O,;NBr requires N, 5-15%). 

(b) Bromine (9-73 g.) in acetic acid (10 ml.) was added, dropwise with stirring at room 
temperature, to 6-acetamidobenzo-1 : 4-dioxan (11-2 g.) in acetic acid (40 ml.) and water (10 ml.). 
After a further 10 min.’ stirring, pouring into water (300 ml.) precipitated the bromo-amide 
(14:0 g., 89%) which, recrystallised from dilute acetic acid, had m. p. 178-7—179-0°, not 
depressed on admixture with the compound prepared as in (a). 

The amide (10 g.) was boiled under reflux for 15 min. with concentrated hydrochloric acid 
(20 ml.) and ethanol (20 ml.). The cooled solution was diluted, made alkaline with sodium 
hydroxide, and extracted with benzene. Passage of hydrogen chloride through the dried 
benzene extract precipitated the amine hydrochloride (6-4 g., 70%). 

6 : 7-Dibromobenzo-1 : 4-dioxan (II).—(a) Treatment of benzo-1 : 4-dioxan (300 g.) in acetic 
acid (500 ml.) at 30° with bromine (730 g.) in acetic acid (500 ml.) and storage overnight gave a 
precipitate of the 6: 7-dibromo-compound (518 g., 80%), which formed colourless needles, 
m. p. 139-6—140-0° (from ethanol). Ghosh (loc. cit.) reports m. p. 138°. 

(b) Diazotisation of 6-amino-7-bromobenzo-1 : 4-dioxan hydrochloride (5 g.) in water 
(20 ml.) and concentrated sulphuric acid (4 ml.) with sodium nitrite (1-4 g.) in water (2-5 ml.) 
at 10°, and pouring of the solution into boiling cuprous bromide solution (from 1-26 g. of cupric 
sulphate as before) gave crude dibromo-compound (3-5 g., 63%) which on repeated crystallis- 
ation from dilute acetic acid and from ethanol had m. p. 137-0—139-2°, not depressed on 
admixture with material prepared as in (a) but still having a green colour. 

(?)5: 6:7: (?)8-Tetrabromobenzo-1 : 4-dioxan (I1).—The mother-liquor after separation of 
the dibromo-compound as in (a) above was evaporated on the water-bath. Repeated crystallis- 
ation of the residue (10 g.) from ethanol yielded the tetrabromo-compound as colourless needles, 
m. p. 212-8—213-4° (Found: Br, 71-3, 71-6. Calc. for C,H,O,Br,: Br, 70°8%). Horner and 
Merz (Annalen, 1950, 570, 89) report a product of m. p. 210°. 

6 : 7-Dibromo-5 : 8-dinitrobenzo-1 : 4-dioxan (V).—6: 7-Dibromobenzo-1 : 4-dioxan (297 g.) 
was added gradually, with stirring, to nitric acid (d 1-52; 100 ml.), cooled in ice—salt so that the 
temperature did not exceed 5°. After a further 1-5 hr.’ stirring the mixture was poured into 
ice-water. Repeated crystallisation of the crude product (361 g., 93%) from 1:5 ethanol- 
acetic acid gave 6: 7-dibromo-5 : 8-dinitrobenzo-1 : 4-dioxan as faintly yellow needles, m. p. 
318—319° (decomp.) (Found: N, 7:5, 7-6. C,H,O,N,Br, requires N, 7:7%). 

5 : 8-Diaminobenzo-1 : 4-dioxan (X).—6: 7-Dibromo-5 : 8-dinitrobenzo-1 : 4-dioxan (80 g.) 
was heated with stannous chloride dihydrate (600 g.) in concentrated hydrochloric acid (600 ml.) 
and ethanol (600 ml.) on the water-bath with efficient stirring. At 60° a rapid exothermic 
reaction occurred. When the temperature was kept at 60—70° reaction was complete in 
ca. 30 min. and a clear brown solution resulted. Most of the ethanol was then removed at 


[1954] Derivatives of Benzo-1: 4-dioxan. Part I. 21 


reduced pressure and concentrated potassium hydroxide solution was added until all the tin 
compounds had redissolved. The remaining precipitate and the solution were extracted 
separately with benzene, and the diamine hydrochloride (41-5 g., 84%) was precipitated from 
the extracts by hydrogen chloride. Alternatively, the benzene extracts were concentrated to 
small volume, whereafter the diamine, m. p. 99-1—99-7° (from benzene), crystallised on cooling 
(Found: N, 16-8, 16-7. CgH,,O,N, requires N, 16-9%). 

Treatment of the amine in benzene with an excess.or 1 mol. of acetic anhydride at room 
temperature gave a precipitate of, respectively, the diacetyl (XX), needles (from ethanol; 
64% yield), m. p. 287—289° (Found: N, 11-2, 11-1. C,,H,,O,N, requires N, 11-2%), or the 
monoacetyl derivative (XV), m. p. 141-2—141-9° (from benzene) (Found: N, 13-3, 13-3. 
C,oH,,0,N, requires N, 13-5%). 

6 : 7-Dichlorobenzo-1 : 4-diovan (IV).—(a) Chlorine was passed into a solution of benzo-1 : 4- 
dioxan (76 g.) in acetic acid (200 ml.) at 10—20° until a yellow colour persisted. The dichloro- 
compound (80-7 g., 71%) separated and crystallised from ethanol as colourless needles, m. p. 
150-6—151-1°. 

(b) (Cf. Heertjes, Dahmen, and Wierda, Rec. Trav. chim., 1941, 60, 569.) To a solution of 
4 : 5-dichloropyrocatechol (7-5 g.; m. p. 116—117°; Slooff, ibid., 1935, 54, 995) and 1 : 2-di- 
bromoethane (75 g.) in ethylene glycol (50 ml.) at 140°, anhydrous potassium carbonate was 
added gradually, with good stirring, until the mixture no longer gave a blue colour with ferric 
chloride (3—4 hr.). The mixture was cooled and poured into water (300 ml.). The precipitated 
6 : 7-dichlorobenzo-1 : 4-dioxan (6-8 g., 70%), crystallised as above, had m. p. 151-4—152-1°, or 
150-8—152-0° when mixed with the product from (a) (Found: Cl, 34-6, 34:5. C,H,O,Cl, 
requires Cl, 34-6%). 

6 : 7-Dichloro-5 : 8-dinitrobenzo-1 : 4-dioxan (IX).—When nitrated as described for the 
bromo-analogue, 6: 7-dichlorobenzo-1] : 4-dioxan gave the dinitro-compound (84%), m. p. 
287-7—288-6° (from acetic acid or isobutanol) (Found: Cl, 24-1, 23-8; N, 9-6. C,H,O,N,Cl, 
requires Cl, 24:0; N, 9-5%). 

5 : 8-Diamino-6 : 7-dichlorobenzo-1 : 4-dioxan (XIV).—Reduction of the foregoing compound 
with stannous chloride and hydrochloric acid in ethanol, as described for the bromo-analogue, 
and acetylation in benzene at ca. 50° (not at room temperature) gave 5: 8-bisacetamido-6 : 7- 
dichlorobenzo-1 : 4-dioxan (XIX), needles (from ethanol), m. p. 299-0—300-3° (decomp.) (Found : 
N, 8-9, 8-85. C,.H,,0,N,Cl, requires N, 8-8%). 

Alternatively, hydrogen chloride was passed into a mixture of stannous chloride dihydrate 
(50 g.) in acetic acid (100 ml.) until a clear solution was obtained. 6: 7-Dichloro-5 : 8-dinitro- 
benzo-1 : 4-dioxan (5 g.) was then added and the mixture heated. At 60° reaction set in, with 
rise in temperature to ca. 90°. Reaction was complete in about 1 hr., and the crystals were then 
collected, basified with sodium hydroxide solution, and extracted with ether, from which the 
diamine, decomp. 137—140° (Found: N, 11-9, 11-9. C,H,O,N,Cl, requires N, 11-9%) was 
obtained on evaporation. The base is slowly oxidised in air. 

6-Chlorobenzo-1 : 4-dioxan (VIII).—6-Aminobenzo-1 : 4-dioxan hydrochloride (39 g.) 
(Heertjes and Revallier, ibid., 1950, 69, 262) in water (65 ml.) and concentrated hydrochloric 
acid (65 ml.) was diazotised with aqueous sodium nitrite (18 g. in 40 ml.) at 0° and added slowly 
to a solution of cuprous chloride (30 g.) in concentrated hydrochloric acid (100 ml.). The 
mixture was heated at 70° until evolution of nitrogen ceased, then extracted with ether. Drying 
(Na,SO,) and evaporation of the extract, and fractionation of the residue, gave 6-chlorobenzo- 
1 : 4-dioxan (26 g., 76%), b. p. 98—100°/3 mm. (Found: Cl, 20-6, 20-8. C,H,O,Cl requires 
Cl, 20-8%). 

6-Chloro-7-nitrobenzo-1 : 4-dioxan (XIII).—(a) A mixture of nitric acid (d 1-52; 1-4 ml.) and 
sulphuric acid (d 1-84; 10 ml.) was added dropwise to a stirred solution of 6-chlorobenzo-1 : 4- 
dioxan (5 g.) in acetic acid (50 ml.) at 15°. Pouring the whole into water and crystallisation of 
the precipitate from 1:1 acetone-acetic acid gave the nitvo-compound (4-5 g., 73%), m. p. 
158-5—160-2°, raised to 161-7—162-1° by repeated crystallisation (Found: N, 6-3, 6-5, 6-5. 
C,H,O,NCI requires N, 6-5%). 

(6) 6-Amino-7-nitrobenzo-1 : 4-dioxan (6 g.) in concentrated hydrochloric acid (70 ml.) and 
water (30 ml.) was diazotised with sodium nitrite solution (2-5 g. in 10 ml.) and added to a 
solution of cuprous chloride (15 g.) in concentrated hydrochloric acid (100 ml.). Decomposition 
at 70°, dilution with water, and crystallisation as in (a) gave the chloro-nitro-compound, m. p. 
and mixed m. p. 160-2—161-5°. 

Derivatives of 6-Amino-7-chlorobenzo-1 : 4-dioxan (XVIII).—(a) 6-Acetamidobenzo-1 : 4- 
dioxan (20-4 g.) in acetic acid (100 ml.) was treated, with cooling, with chlorine (1-9 g.) in acetic 
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acid (50 ml.). Addition of the mixture to water (300 ml.) and crystallisation of the precipitate 
from 50% aqueous acetone gave 6-acetamido-7-chlorobenzo-1 : 4-dioxan as needles, m. p. 
171-7—172-4°. 

(b) Hydrogenation of 6-chloro-7-nitrobenzo-1 : 4-dioxan (4 g.) in ethanol in presence of 
Raney nickel at room temperature, filtration, and acidification with hydrochloric acid gave 
6-amino-7-chlorobenzo-1 : 4-dioxan hydrochloride (3-5 g.); a further 0-5 g. (total yield, 97%) 
was obtained on concentration of the mother-liquor. Acetylation, as for the bromo-analogue, 
gave 6-acetamido-7-chlorobenzo-1 : 4-dioxan (crude yield 86%), prisms, m. p. 172-9—173-5° (from 
50% aqueous acetone) (mixed m. p. 171-9—172-6°) (Found: N, 6-0, 6:05. C49H,)O;NCl 
requires N, 6:15%). This was reconverted into the amine hydrochloride when boiled with 
1: 1 (v/v) ethanol—concentrated hydrochloric acid. 


Thanks are expressed to Messrs. H. C. A. van Beek, N. J. Faasen, and J. van Wezel for 
assistance with the experimental work. 
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Diisopropylberyllium, m. p. —9-5°, is dimeric in benzene solution at 25°. 
Pyrolysis at 200° gives polymeric icopeopylbery llium hydride. With tri- 


methylamine, the monomeric adduct Pri, Be- _NMe, is formed which loses a 
mol. of propene and some trimethylamine ‘when heated at 200°. With 1 mol. 
of dimethylamine, propane and dimethylaminoisopropylberyllium are 
formed; the latter decomposes when heated, with formation of propene and 
dimethylaminoberyllium hydride. Excess of dimethylamine gives bis- 
dimethylaminoberyllium which is trimeric in benzene solution. Some factors 
which affect the association of organo-metallic compounds are discussed. 


DIMETHYLBERYLLIUM, like trimethylaluminium, is a typical electron-deficient compound 
in that its polymeric structure (Rundle and Snow, Acta Cryst., 1951, 4, 348; Coates, 
Glockling, and Huck, J., 1952, 4496) requires the presence of ‘‘ half bonds.’’ Since trizso- 
propylaluminium (Pitzer and Gutowsky, J. Amer. Chem. Soc., 1946, 68, 2204) is monomeric 
and hence not electron deficient, the preparation and examination of ditsopropylberyllium 
appeared of interest and likely to provide more information about the factors which 
influence the formation of half bonds. 
Ditsopropylberyllium (I) may be prepared from beryllium chloride-diethyl ether and 
isopropylmagnesium bromide; like the few other known organoberyllium compounds, it 
retains ether with great tenacity. One preparation which had 
“CH. twice been distilled and pumped im vacuo for two days was 
Me,CH-Be<, __>Be*CHMe, found, on hydrolysis, to have retained 16% by weight of ether. 
CH’ fn An ether-free product could only be obtained by reflux dis- 
tillation with continuous pumping for about two days; it then 
melted at —9-5°, and the (extrapolated) boiling point was 280°. Vapour-pressure data 
for this and some other compounds are given in the Table. Ditsopropylberyllium can be 
distilled only very slowly in a good vacuum at room temperature (v. p. = 0-17 mm. at 20°), 
but at a convenient rate at 40° (v. p. = 0-53 mm.); manipulation is complicated by the 
slow decomposition which occurs above 40—50°, giving propene. It fumes strongly on 
exposure to air, but does not take fire; reaction with water is of explosive violence unless 
controlled by cooling. 
The boiling points of both ditsopropyl- and diethyl-beryllium (Goubeau and Rodewald, 
Z. anorg. Chem., 1949, 258, 162), 280° and 194°, are compatible with both compounds 
having dimeric structures, by analogy with the boiling points of the hydrocarbons tetra- 
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decane (253°) and n-decane (174°) whose molecular weights are similar to those of the 
dimeric ditsopropyl- and diethyl-beryllium. In contrast to dimethylberyllium, which is 
highly polymerised in the solid state, ditsopropylberyllium is very soluble in benzene, 
and its molecular weight in that solvent has been measured (at 25°) by a vapour-pressure 
method described in the experimental section. The compound is dimeric and no change 
in the degree of association was observed over the concentration range studied. A bridged 
structure (I) is suggested for ditsopropylberyllium, analogous to that. assigned to the 
dimeric component of dimethylberyllium vapour (Coates, Glockling, and Huck, Joc. cit.) 
and to the trimethylaluminium dimer (Pitzer and Sheline, ]. Chem. Phys., 1948, 16, 552; 
Lewis and Rundle, 1b7d., 1953, 21, 986). 

The Be-C(bridge)—Be bond is regarded as being formed by one doubly occupied, bent, 
three-centre molecular orbital, derived from the beryllium sf? and carbon sf* atomic 
orbitals, thus each Be-C (bridge) bond is regarded as a half bond (represented by a dotted 
line). Pitzer and Gutowsky (loc. cit.), who observed a decreasing tendency to association 
in the series Me;Al, Et,Al, Pri,Al, consider that increasing substitution by methyl at the 
carbon atom directly bonded to aluminium diminishes association by steric effects. This 
does not appear to be an adequate explanation since the metal—-carbon bonds in these 
electron-deficient compounds are rather long and the metal—carbon—metal angle unusually 
small, ¢.g., 1:92 A and 66° in the solid dimethylberyllium polymer (Rundle and Snow, 
loc. cit.). We consider that the decreasing association in the series methyl to isopropyl, 
now observed both with aluminium and beryllium, is due, not mainly to steric effects, 
but more to the decreasing electronegative character of the alkyl group. 

There is increasing evidence (Gillespie, J., 1952, 1002) that an increase in the number 
of orbitals used for bonding by an atom is facilitated when the atom is bonded to the more 
electronegative atoms or groups. Gillespie gives such examples as phosphorus penta- 
chloride and sulphur hexafluoride, but the effect would seem to be apparent in many different 
elements. For example, the alkali metals form covalent co-ordination compounds, not 
normally with nitrogen (usually regarded as the strongest donor atom) but more particularly 
with oxygen which is more electronegative. In the aluminium alkyls dimerisation requires 
an increase in the number of orbitals used by the aluminium atom from three sp? to four 
sp*; since this process would be facilitated by bonding to the more electronegative groups 
it is reasonable that while bonding to methy] results in dimerisation, bonding to the more 
electropositive isopropyl does not. Also nearly all the known compounds of beryllium 
contain that element in a four-covalent state, and bonded to highly electronegative atoms, 
usually oxygen, nitrogen, or halogens. With dimethylberyllium, reversible equilibria 
may be realised between the solid polymer in which the beryllium atom uses four orbitals, 
and low polymers including the dimer, in which it uses only three orbitals. When 
beryllium is bonded to the more electropositive tsopropyl group it apparently cannot 
make use of four orbitals, but only three, hence it remains dimeric. 

Pyrolysis of ditsopropylberyllium at 200° proceeds according to the equation 


(i-C,H,"BeH), + 2C;H, 


9 
n 


(t-C;H,),Be, —> 


isoPropylberyllium hydride (II) is a colourless, non-volatile, viscous oil, hydrolysed to 
beryllia, propane, and hydrogen, and evidently polymerised. The more extensive poly- 
merisation of the half hydride is consistent with the behaviour of the alkyls and hydrides 
of other elements which form electron-deficient compounds; hydrides and mixed alkyl 
hydrides are always more associated than the alkyls, compare, for example, B,H,, B,H,Me,, 
and Me,B; (AIH,),, (Me,Al1H), (a viscous oil), and Me,Al,; Ga,H, and Me,Ga. It is 
probably due partly to the greater electronegativity of hydrogen, which certainly forms 
an anion more readily than a methyl group, and partly to the more satisfactory overlap 
in the formation of three-centre molecular orbitals with the directionless H(1 s) atomic 
orbitals as central component. 

A further pyrolysis of tsopropylberyllium hydride does not afford beryllium hydride, 
but, between 220 and 250°, complex decomposition results in the formation of metallic 
beryllium, hydrogen, propene, propane, and an orange-coloured residue. In contrast 
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to the simple decomposition of diisopropylberyllium up to 200°, diethylberyllium (Goubeau 
and Rodewald, Joc. cit.) appears to decompose in a complex manner at 190—200° giving 
ethane, ethylene, and butene, together with traces of hexene, cyclohexadiene, and benzene. 
Although isopropylberyllium hydride is rapidly hydrolysed by water, reaction with di- 
methylamine, in which the hydrogen is much less reactive, was investigated to see whether 
the isopropyl group or the hydrogen was preferentially eliminated. The reaction was 
not quantitative but propane and hydrogen were formed in the ratio of 2-5: 1. 


V. p. equation : 
logy, = B—A/T Temp. Trouton iB. p. 
B A range AH const.  (extrap.) 
Ditsopropylberyllium — ...............se0e0008. 7°01 2 35—60° 10-45 19-1 280 
Ditsopropylberyllium-trimethylamine ... 2535 20—100 11-6 23-2 227 
Bisdimethylaminoberyllium ' 5 90—150 14:3 27-0 257 


Like dimethylberyllium (Coates and Huck, J., 1952, 4501), dissopropylberyllium 
forms a | : 1 co-ordination compound (III) with trimethylamine, but there was no evidence 
for a 2: 3-compound stable at room temperature analogous to (Me,Be),(NMes)3. The 
1 : l-adduct is somewhat more volatile and thermally stable than the dialkyl. Its mole- 


- + 
cular weight in benzene corresponds to a monomeric structure Pr',Be—NMesg, in contrast 


to Me,Be-NMe, for which there is evidence of association. Above 100° thermal decom- 
position (rapid at 200°) gave one mol. of propene and some of the trimethylamine; the 
crystalline residue was isopropylberyllium hydride (in combination with trimethylamine) 
since equimolar quantities of propane and hydrogen were formed on hydrolysis. 
MeOH 
(Pri'Be-OMe), 
(IV) 
NMe,; Me,NH 


Me,NH 
Pri,Be-NMe, «—— Pr',Be, ———> (Pr'Be‘NMe,), ———+> [(Me,N),Be], 


(III (1) (V) Vil 
a | 200° I | a ( 
Me,NH 
ee 


(PriBeH Me,N:BeH), 
(IT) (VI) 


Although the uncontrolled hydrolysis of diisopropylberyllium is of explosive violence, 
one mol. of propane is readily and smoothly evolved on reaction with methanol, giving 
isopropylberyllium methoxide (IV) as a crystalline solid, m. p. 133°. With the less reactive 
hydrogen atom in dimethylamine a mol. of propane is slowly evolved at room temperature, 
forming dimethylaminotsopropylberyllium (V) as a colourless liquid which loses propene 
ibove 100° (rapidly at 200°) with the formation of polymeric (glassy) dimethylamino- 
beryllium hydride (VI); the latter is rapidly hydrolysed with the formation of a mol. 
of hydrogen, but does not react with trimethylamine. With excess of. dimethylamine 

two mols. of propane are formed, leading to the crystalline bis- 

Nee? dimethylaminoberyllium (VII) (m. p. 88—90°), which Goubeau and 

Me,N-Be’ + Rodewald (loc. cit.) did not isolate from the apparently more 

complex reaction between dimethylamine and diethylberyllium. 

Bisdimethylaminoberyllium is sufficiently stable to be vaporised, and 

its vapour density indicates a degree of association varying steadily 

from 2-9 at 160° to 2-5 at 200°. In boiling benzene it is trimeric and probably has a cyclic 

structure analogous to that assigned (Coates, Glockling, and Huck, /., 1952, 4512) to the 
trimeric compound (MeBe:NMe,)s, viz. (VIIa). 


(VII NMe, 


EXPERIMENTAL 


Quantities of material are usually expressed as N-c.c., which refers to the N.T.P. volume of 
monomeric vapour. 


Diisopropylberyllium.—Anhydrous beryllium chloride (14 g.), prepared by heating lumps 
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of the metal in a stream of hydrogen chloride (Goubeau and Rodewald, loc. cit.), in ether (200 
c.c.) was added slowly to a solution in ether (150 c.c.) of isopropylmagnesium bromide [from 
magnesium (17 g.) and isopropyl bromide (88 g.)] with mechanical stirring in a nitrogen 
atmosphere. The reaction flask was then slowly evacuated through a sealed-on ampoule 
cooled to —10°. In this way a large part of the ether was collected elsewhere in the apparatus. 
The reaction flask was then heated to 50—70° for 4 hr. with continuous pumping, and the clear 
distillate, which is an etherate of diisopropylberyllium, collected in an ampoule cooled to —78°. 
This initial heating and distillation, in addition to separating ether, gave 1-4 litres of propene 
(b. p. —48°). The etherate was then distilled in high vacuum into the flask A (Fig. 1) by heating 
at 50°. The reaction flask and first ampoule were then separated by sealing at the constriction 
a. The etherate thus obtained in A was gently boiled under reflux for 16 hr. (bath temp. 40— 
50°; condenser temp. —10° to —20°) with continuous pumping through T,, by which time 
evolution of ether had ceased. No appreciable quantity of propene was formed. By tilting 
the apparatus the condensate was then made to run into B, and the constriction at b sealed. 
Small amounts of diisopropylberyllium were introduced into the sample tubes by inverting 
the apparatus. The tubes were cooled and sealed with continuous pumping through T,. 
Finally, the main stock of ditsopropylberyllium was isolated by sealing at c. It was obtained 


Fic. 2. 


70 4iiter pum, 
or atmosphere | | 


as a Clear liquid, which, on cooling, formed needles, m. p. —9-5°. In each experiment involving 
diisopropylberyllium, a weighed sample tube was broken in vacuo and the weight of the sample 
obtained by collecting and weighing the broken glass. 

Analysis of Diisopropylberyllium.—Anhydrous methanol in large excess was condensed on 
ditsopropylberyllium (28-15 N-c.c.), and the reaction allowed to proceed slowly with occasional 
cooling. The mixture was boiled gently, then treated with 0-1N-hydrochloric acid, and again 
boiled. No hydrogen or methane was formed. Propane (Found: 655-0 N-c.c.; v. p. at 
—78-5°, 106 mm. Calc.: 56-3 N-c.c.) was separated by fractional condensation through two 
methylene chloride slush baths (—96°). No ether was detected in the fractional-condensation 
process. 

Hydrolysis of ditsopropylberyllium with water, even when carefully controlled, gave a small 
amount of hydrogen. In one experiment where the hydrolysis proceeded vigorously, 32-6 
n-c.c. of hydrogen were formed from 305-7 mg. of diisopropylberyllium and much of the vacuum 
apparatus was coated with beryllium hydroxide. 

Molecular Weights of Diisopropylberyllium and Diisopropylberyllium—Trimethylamine.—The 
apparatus shown diagrammatically in Fig. 2 was used. With the mercury drawn down to position 
a (by evacuating at A and raising the plunger B, which has a ground seating), the apparatus 
was evacuated and thoroughly dried. Dry benzene, stored elsewhere in the apparatus, was 
condensed via tube C into the left-hand bulb, cooled in liquid air, and the mercury level raised 
to b, by lifting che plunger B with atmospheric pressure at A, thus isolating the left-hand side 
of the apparatus. A weighed sample tube of diisopropylberyllium was broken magnetically 
and the specimen distilled into the right-hand bulb cooled in liquid air, through the constriction 
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D (subsequently sealed). At room temperature the rate of transfer was slow, but at 40° a 
suitable sample (0-2—0-3 g.) could be introduced in the course of a day. A known weight of 
dry benzene was then condensed on the sample and the mercury level raised toc. Both solvent 
and solution were then allowed to warm to room temperature simultaneously. Seven turns 
of spiral in the tube connected to the right-hand bulb enabled it to be stirred effectively by 
tapping it with the finger. After several hours at room temperature both bulbs were cooled 
to —20° and a small amount of benzene (together with any traces of propane) removed from the 
right-hand bulb, by lowering the mercury to 6 and weighed. The mercury level having been 
returned to ¢ and the solution again mixed, the whole apparatus was immersed in thermostat 
maintained at 25° or 30° and the pressure difference between the pure solvent and solution 
measured when constant. A portion of benzene was then removed from the solution, in the 
manner described above, and weighed, thus allowing measurements to be taken over a series 
of concentrations. The sample weights were checked by reaction with excess of dimethylamine, 
and measurement of the propane formed. The molecular weight of the solute, Raoult’s law 
being assumed, is given by M = 78 m,[(p,/Ap) — 1]/m,, where m, = wt. of solute (g.), m, = wt. 
of solvent (g.), p, = vapour pressure of pure benzene at the bath temp., and Ap = pressure 
difference (mm.). 

The method was checked with diphenyl (Found: M, 153, 160. Calc.: M, 154). 

Diisopropylberyllium-trimethylamine (III) was prepared in the right-hand bulb with the 
mercury level at b, care being taken to avoid sudden increases of pressure which would blow 
mercury and gases into the left-hand bulb. 

Results.—These are given in the Table. 


Mol. fraction M of Degree of Mol. fraction Mof Degree of 
of solute solute assocn. of solute solute assocn. 
Ditsopropylberyllium 0-06176 188 1-98 0-06281 185 1-95 
0-06368 187 1-97 0-08489 189 1-99 
0-08024 183 1-93 0-09614 189 1-99 
Dits¢ prop} beryllium— 0-0487 156 1-01 0-1229 158 1-03 
trimethylamine 0-08175 159 1-03 


isoPropylberyllium Hydride (I1).—Diisopropyliberyllium (21-2 N-c.c.) was condensed in a 
tube equipped with a breaker and heated in an air-furnace at 200° for 8 hr. giving isopropyl- 
beryllium hydride, as a viscous liquid, and propene (21-5 N-c.c.; v. p. at —78-5°, 144 mm.). 
The isopropylberyllium hydride, on hydrolysis with water, gave hydrogen (22-6 N-c.c.) and 
propane (20-6 N-c.c.; v. p. at —78-5°, 104 mm.). 

Reaction of isoPropylberyllium Hydride with Dimethylamine.—isoPropylberyllium hydride 
was prepared by heating diisopropylberyllium (10-65 N-c.c.) to 200° for 5 hr. in a sealed bulb 
and removing the propene formed (10-2 N-c.c.). Dimethylamine (10-0 N-c.c.) was condensed 
on the sample by cooling in liquid air. At room temperature a lively reaction occurred with 
much frothing. The viscous, semi-solid residue was heated at 100° for 6 hr. and the gaseous 
products, hydrogen (2-4 N-c.c.) and propane (6-0 N-c.c.), were separated. 

Diisopropylberyllium—Trimethylamine (III).—Diisopropylberyllium (14-2 N-c.c.) was intro- 
duced into a high-temperature bulb (Burg and Schlesinger, J. Amer. Chem. Soc., 1937, 59, 780) 
and trimethylamine (14-2 N-c.c.) condensed on it. The residual pressure at room temperature 
corresponded to 0-5 N-c.c. excess of trimethylamine which was removed by pumping for a few 
seconds. The clear liquid residue thus corresponds to the 1:1 addition compound, 


—- + 
(Me,CH),Be*-NMe,. A linear log p-T“ relationship was found up to 100° whereafter a rapid 
increase in pressure occurred. Having been heated to 200° and cooled to room temperature, 
the gaseous products (16-2 N-c.c.) were removed. Trimethylamine was separated by shaking 
the products with dilute sulphuric acid, and the residual volume shown to be propene (13-4 
N-c.c.). Thus pyrolysis at 200° results in the elimination of 2-8 c.c. of trimethylamine as well 
as formation of almost one equivalent of propene. The residue, long feathery needles at room 
temperature, was hydrolysed with water vapour followed by a large excess of water, giving 
hydrogen (13-3 N-c.c.) and propane (14-0 N-c.c.). 

In a further experiment, with 14-4 n-c.c. of Pr! ,Be-NMe,, pyrolysis at 200° gave propene 
(15-1 n-c.c.) and trimethylamine (3-3 Nn-c.c.). Reheating of the residue to 170° gave a further 
quantity (5-3 N-c.c.) of propene. Hydrolysis of the residue gave hydrogen (19-0 N-c.c.) and 
propane (8-3 N-c.c.). 

isoPropylberyllium Methoxide (IV).—Methanol (28-6 Nn-c.c.) was condensed on diisopropyl- 
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beryllium (28-6 N-c.c.) by cooling with liquid air. The reaction started as the methanol melted 
and was controlled by occasional cooling. After $ hr. at room temperature the propane formed 
was separated (28-6 N-c.c.; v. p. at —78-5°, 100 mm.). The isopropylberyllium methoxide 
formed transparent plates, m. p. 133°. It appeared to be unaffected by short exposure to air, 
but was vigorously hydrolysed by water. 

Dimethylaminoisopropylberyllium (V) and Dimethylaminoberyllium Hydride (VI1).—Diiso- 
propylberyllium (26-7 N-c.c.) and dimethylamine (26-7 N-c.c.) were allowed to warm from 
liquid-air temperature. Reaction occurred slowly at room temperature giving propane (26-7 
N-C.C.; Vv. p. at —78-5°, 102 mm.) and the liquid dimethylaminoisopropylberyllium. The 
latter was then slowly heated: evolution of propene became quite rapid at 100° and was 
practically complete after 15 min. at 220° giving dimethylaminoberyllium hydride, which 
formed a glass at room temperature, and propene (22-4 N-c.c.; v. p. at —78-5°, 144 mm.). 
Trimethylamine (43-4 Nn-c.c.) was then added to the dimethylaminoberyllium hydride and next 
morning the excess of trimethylamine (43-0 N-c.c.) removed by pumping at room temperature ; 
hence no stable adduct was formed. The residue was then hydrolysed in the usual manner 
giving hydrogen (22-5 n-c.c.) and propane (0-5 N-c.c.). It is difficult to prevent the formation 
of a little bisdimethylaminoberyllium in the preparation of dimethylaminozsopropylberyllium, 
and the above figures are most satisfactorily explained if the true volume of diisopropylberyllium 
was 24-55 N-c.c. The products of the reaction with 26-7 n-c.c. of dimethylamine then become : 
propane (26-7 n-c.c.), dimethylaminoisopropylberyllium (22-4 N-c.c.), and bisdimethylamino- 
beryllium (2-15 n-c.c.). The volumes of propene formed in the pyrolysis at 220° and hydrogen 
formed in the hydrolysis of the dimethylaminoberyllium hydride then follow almost 
quantitatively. 

Bisdimethylaminoberyllium (VII).—Diisopropylberyllium (10-8 N-c.c.) was treated with 
excess of dimethylamine (40-0 n-c.c.). The reaction occurred in two stages; the first slowly 
at room temperature, giving the liquid dimethylaminoisopropylberyllium, and the second on 
slight warming, giving bisdimethylaminoberyllium as prisms, m. p. 88—90°. The excess of 
dimethylamine and propane (40-3 N-c.c.) were collected and condensed on excess of standard 
acid. Back titration with sodium hydroxide gave the volume of dimethylamine combined as 
19-5 n-c.c. (Calc., from sample weight: 21-6). The volume of propane obtained was 22-0 
n-c.c. (Calc. : 21-6). The sample weight was checked by hydrolysis of the bisdimethylamino- 
beryllium which had been heated to 200° for vapour-pressure and molecular-weight measure- 
ments, and estimation of the dimethylamine produced (Found: 21-4 n-c.c. Calc.: 21-6 c.c.). 

The above preparation of bisdimethylaminoberyllium was carried out in a standard type 
of high-temperature bulb of volume 182-2 c.c. Between 160° and 200° the compound was 
present entirely as vapour. Its molecular weight within this temperature range was in the 
range 280-—244 and decreased steadily with increasing temperature. The degree of association 
of bisdimethylaminoberyllium vapour under the conditions employed was therefore between 
2-89 and 2-52. The molecular weight was also measured ebullioscopically in benzene by the 
Swietoslawski method [Found: M, 296, 291, 295 (in 0-83, 1-51, and 2-48% solution). 
C,H,gN,Be, requires M, 291]. 
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Complexes involving Tervalent Iron and Orthophosphoric Acid. Part III.* 
The System Ferric Oxide—~Phosphoric Oxide-Water at 25°. 
By R. F. JAMeson and J. E. SALMON. 
[Reprint Order No. 4531.] 


Phase-diagram studies in the range from 0:35% to 66% of phosphoric 

oxide have shown the following to be the stable solid phases at 25° : 

Fe,0;,P,0;,5H,O; Fe,03,2P,0;,8H,O; Fe,03,3P,0,,10H,O; 
Fe,O3,3P,0;,6H,O. All are lilac or pink crystalline solids. The last is 
probably H,[Fe(HPO,),], but the constitution of the others is less certain. 
Two metastable states have been observed in the more dilute solutions, and 
diferric tetraphosphate, Fe,P,0,3;, has been found as a metastable solid phase 
in the more concentrated solutions. 

Anion-exchange studies have shown the presence in the solutions of the 
triphosphatoferric complex which, together with free phosphate, is adsorbed 
by the exchanger. The complex is adsorbed as the [Fe(HPO,),|*~ ion, but 
when the resin is washed it is converted into the [Fe(PO,),]®& ion. No 
definite evidence was obtained of adsorption of a diphosphatoferric complex, 
and cation-exchange experiments failed to show the presence of the [FeHPO,]" 
10n. 


CoMPLETE phase-diagram studies of the system at 40° (Bailer, Thesis, Leipzig, 1930) and 
at 70° (Carter and Hartshorne, J., 1923, 123, 2223) have been reported, but only incomplete 
data are available for 25° (Cameron and Bell, J. Phys. Chem., 1907, 11, 363; Carter and 
Hartshorne, loc. cit.). At 25°, however, not only have persistent metastable states been 
encountered (Carter and Hartshorne, loc. cit.; Part I, J., 1952, 2316), but an extensive 
system of parallel tie-lines has been reported for the solid phases in equilibrium with the 
solutions containing up to 10% of phosphoric oxide. Further, some at least of the solid 
phases have been attributed complex structures (Weinland and Ensgraber, Z. anorg. Chem., 
1914, 84, 340; Carter and Hartshorne, loc. cit.). It seemed important therefore to include 
in the present series of studies a thorough examination of the system. 


RESULTS 

Phase-diagram Studies.—A study of the system at 25° for the range of solutions up to 
66% of phosphoric oxide (Table la, Fig. 1) has indicated the following as stable solid 
phases: (A) Fe,O;,P,0;,5H,O, the tertiary phosphate, deep lilac, minute, hexagonal 
plates. (B) Fe,0,,2P,0;,8H,O, pale pink, needle-shaped crystals. (C) Fe,0,,3P,0;,10H,O, 
small, deep pink crystals in regular-shaped hexagons. (D) Fe,03,3P,0,;,6H,O, small, pale 
pink crystals in distorted hexagons. 

The descriptions of the compounds agree with those given by Carter and Hartshorne 
except that these workers could discern no crystalline form in the tertiary phosphate. 
Weinland and Ensgraber (loc. cit.), however, describe it as crystalline. Although Carter 
and Hartshorne later (jJ., 1926, 363) revised the formula of this compound to 
Fe,03,P,0,,4H,O, our data indicate a penta- rather than a tetra-hydrate. The negative 
temperature coefficient of solubility reported for this tertiary phosphate by Carter and 
Hartshorne (J., 1923, 128, 2223) has been confirmed. The number and nature of the 
solid phases and their ranges of stability are in good agreement with the published data fo1 
40° and 70°, when the effect of temperature is taken into account, except that the com- 
pound, Fe,0,,2P,0,,10H,O, found at 40° by Bailer (Joc. cit.) does not appear in the system 
at 25° or at 70°. 

In studying the region of the diagram from 0-3% to 26° of phosphoric oxide, 
5m-phosphoric acid was saturated with the tertiary phosphate at temperatures not exceed- 
ing 80°, cooled, and diluted with the required amount of water, and the resulting clear 
solution allowed to reach equilibrium at 25°. The following stages were noticed in the 
attainment of equilibrium: (1) Separation of a compound, Fe,03,3P,0;,xH,O (where x 

* Part II, J., 1953, 2644. 
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TABLE 1. The system ferric oxide—phosphoric oxide—water at 25°. 


Solutions 
A 


Moist solids * 


Solutions 
he 


Moist solids * 


‘ 


0-350 
1-312 


Fe,0;, 


/0 


P.O; 

ad % 
(a) Stable equilibrium 

0-003 “00 26-95 
0-015 -00 10-20 
0-033 -00 26-76 
0-053 33-00 
0-075 27-88 
0-081 29-81 
0-139 28-51 
0-212 30-67 
0-268 30-03 
0-479 30-60 
1-009 31-68 
1-92 31-91 
36-14 
34-02 
34-01 
40°5 
46-2 


Pt fet pet fom dd fot fd fd fd fd fed fd fd) dd 
ee > 


ok RK COLO DO 


Fe,O3, 
% Type 


30-01 ) 
10-21 
29-03 
37-02 
29-70 
32-08 
30-28 
33°57 
31-65 
31-98 
30-00 
33-50 
37-12 
31-86 
34-53 
19-99 
24-8 

21-9 

24-4 

26-3 


20-3 | 
15-02 

20-4 

14-3 

18-1 $C 


15-0 
19-5 | 


c " * 
P,O;, Fe,0;, 
0 ) 


(a) 


59-1 
60-0 
61-5 
64-0 
66-3 


(b 
3-71 
10-08 
21-43 
23-09 


Metastabl 


? 
P,O;, 
: 


1:98 
1-44 
1-114 
0-919 
0-907 


16-94 
23-11 
40-50 
42-09 


e equilibrium I: 0—23% 


Fe,O3;, 

% Type 
9-51 
9-89 
6-21 D 
5-7 


3-23 


P,O; 
6-02 
8-24 

15-29 

14-45 


Dt 


(c) Metastable equilibrium II: 0—20% P,O; 


2-43 
5-60 
9-15 
14-88 
18-45 
19-06 


50-1 
55-7 
59-8 
63-6 


23°6 
35-3 
31-8 
34-2 
36-1 
35-0 


0-034 1-02 
0-202 1:07 
1-50 —_ 
3-21 — 
6:16 1-19 
5:93 1-20 


(7) Metastable equilibrium IIT: 


56-1 
61-1 
62-1 
63-9 


16-32 1-62 
10-92 _ 
7-19 


4-22 2-37 


bo bo bo bo 


* Solid phase: A = Fe,O;,P,0,,5H,O. B= 


Fe,0;,2P,0,,8H,0. 
Fe,O,,3P,0,,6H,0. 


t The exact degree of hydration cannot be determined from the tie-lines. 


D = 


C = Fe,0,,3P,0,,10H,0O. 
E = Fe,P,0j;. 
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is 6, probably), usually after 4—5 weeks (Table 10, Fig. 2a). (2) Conversion of this into a 
solid phase represented by one of the series of parallel tie-lines—after 6—10 weeks in the 
thermostat bath (Table Ic, Fig. 2b). (3) Conversion of this last into the stable tertiary 
phosphate—usually requiring 10—15 weeks from the start, together with frequent stirring 


Fic. 2. 


HO 
(a) Metastable (8) ‘Parallel lines’ 
Fe,03,3P205,6 H,0, D 


2 
(ce) Stages in attaining (d) Ferric 
equilibrium \ tetraphosphate 
[Fe P4013], & 


20 
~—Fe 03, % 


Rater mat Precie tim 
wer wor: he 
Fe,03,P20s,5H,0 —*———-—-_ Fe,03, 3P,05,6H,O work work 


Fez P4013 picademdhiiceuneed Se 


of the mixture (Table la, Fig. 1). The times taken to reach the various stages depended on 
both the concentration and the extent of stirring. With the exception of one result, the 
different stages can be attributed definite solubilities (Fig. 2c). 

In the region of solutions containing 50—66% of phosphoric oxide, it was found that 
the acid would, at temperatures of 100° or higher, dissolve a considerable amount of the 
tertiary phosphate, but that, if this was allowed to happen, the resulting solution was 
brown instead of the usual pink or lilac colour. Crystallisation occurred only slowly from 
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such solutions at 25° and instead of yielding orthophosphates gave yellowish-white, octagonal 
crystals of the anhydrous tetraphosphate, Fe,P,0,;, as a metastable phase (Table 1d, 
Fig. 2d). This compound was extremely hygroscopic and on exposure to air soon gave pale 
pink, needle-shaped crystals similar to those of Fe,O0,,2P,0;,8H,O. 

Anion-exchange Experiments.—The adsorption of iron and phosphate by Amberlite 
I.R.A. 400-phosphate from stable solutions has been determined under equilibrium con- 


Fic. 3. Adsorption of iron and phosphate by I.R.A. 400-PO,. 
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ditions. Except with one solution, shown by the present work to have been in metastable 
equilibrium, the previous results (Part I, Joc. cit.) have been confirmed and also extended 
to the region of more dilute solutions (Table 2a). The relative amounts of H,PO,’ and 
HPO,” ions retained by the resin from phosphoric acid solutions of corresponding con- 
centrations have also been determined (Table 20). By assuming that the free phosphate 
is adsorbed in a similar manner from the ferric phosphate solutions, attempts have been 
made to account for the capacity of the resin in terms of the adsorption of various complexes 


TABLE 2a. Adsorption of iron and phosphate by 1.R.A. 400-phosphate (1-00 g.) from 
ferric phosphate solutions (100 ml.). 


Solution Resin 
errs. - ais 5 , EEE 
[P.O,] Capacity, Mols. adsorbed/equiv. resin: Capacity accounted for, % * 
[Fe,O3] milli-equiv. /g. Fe 
110 2-21 0-009 
86-2 1-95 0-022 
66-2 1-97 0-041 
58-2 1-82 0-053 
33-5 2-07 0-109 
17-5 1-98 0-169 
. 8-2 1-89 0-184 0-563 
* Assuming the following to be adsorbed: A = [Fe(PO,),)®-; B = [Fe(HPO,);|*-; C= 
[Fe(PO,),|8-; together with, in each case, H,PO,’ and HPO,” in the proportions indicated by the 
results in Table 20. t 500 ml. of solution, 0-25 g. of resin. 


TABLE 2b. Adsorption of phosphate by I.R.A. 400-phosphate (1-00 g.) from 
phosphoric acid solutions (100 mi.). 
Resin : 

. ee ——_—_—_— Se 
Solution : Capacity, Mols. adsorbed /equiv. Phosphate adsorbed 
P,O;, % milli-equiv./g. resin: PO, as HPO,”, % * 

5 “ 0-654 

i0 " 0-660 

15 0-643 

20 0-643 
* Remainder as H,PO,’. 


together with that of free phosphate (Table 2a). With the possible exception of the 
solution containing 1% phosphoric oxide, it is evident that [Fe(PO,),]* must be the 
principal complex species retained. With the solutions containing more than 10% of 
phosphoric oxide a second species must also be adsorbed, but from the conditons under 
which this occurs it is presumably the [Fe(HPO,),]*~ ion rather than the [Fe(PO,),|*~ ion 
that is involved. 
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In another series of experiments the adsorption by I.R.A. 400-phosphate of iron and 
phosphate from a solution 0-1M in iron and 1-5 in phosphate (10% P,O;), as well as from 
mixtures of this solution with 1-5m-phosphoric acid, was studied. Although this series 
represented a transition from supersaturated to unsaturated solutions, at a molar ratio of 
phosphoric oxide to ferric oxide of 30:1, no break in the adsorption of either iron or 
phosphate occurred at this point (Fig. 3). 

Cation-exchange Experiments.—Batch, as distinct from column, experiments have now 
been carried out with stable solutions in the range 1—15°% of phosphoric oxide. No 
adsorption of phosphate was observed and the adsorption of iron by the exchanger (Zeo- 
Karb 225-H) was found to be small and to fall with decreasing pH of the solutions (Table 3). 
Thus the concentration of the ion [FeHPO,]* must be appreciably less than in the solutions 
containing chloride and phosphate (Part II). 7 


PABLE 3. Adsorption of tron (and phosphate) by Zeo-Karb 225-H. (0-500 g.) from 
ferric phosphate solutions (100 ml.). 
Solutions : 
; has Resin 
” pares A — a a hae aaa —_e 

pH Capacity, milli-equiv./g. Mols. Fe adsorbed /equiv. resin : * 
1-48 ; 0-196 

{ 58-5 0-90 ‘7 0-076 

10 33°! 0-45 “73 0-032 

15 17-5 0-24 3: 0-031 

* No phosphate adsorbed. Tt 500 ml. of solution. 


DISCUSSION 

Nature of the Solutions.—It is evident from the anion-exchange studies (Table 2) that 
the triphosphatoferric complex is retained by the resin and must, therefore, be present in 
the solutions. This conclusion, which is in agreement with those reached in Part I, re- 
ceives further support from the observation that, on dilution of a more concentrated 
ferric phosphate solution, the compound that separates first is one containing phosphate 
and iron in the molar ratio 3: 1. 

Although it might be expected to be adsorbed in competition with the H,PO,’ ions, 
little, if any, of the diphosphatoferric complex, [Fe(PO,).|?~, was found to be retained. 
Indeed, the following facts all suggest that the concentrations of complexes with fewer 
phosphato-groups than three may be very low: (1) the very low concentration of [FeHPO,|* 
as shown by the cation-exchange experiments (Table 3); (2) the more dilute solutions, 
where complexes with fewer phosphato-groups might be expected to predominate, are 
only stable when the ratio of phosphoric oxide to ferric oxide in them is very high (Table 
la); (3) solutions in which the [FeHPO,]* ion has been shown to exist and in which the 
presence of the [Fe(H,PO,),]~ ion has been postulated are all colourless, whereas the pure 
ferric phosphate solutions of corresponding concentrations are pink or lilac. 

The absence of any break in the adsorption of iron or phosphate in passing from super- 
saturated solutions to unsaturated ones (Fig. 3) indicates that the species present in both 
types of solution are the same—even in the metastable solutions the ratio PQ, : Fe is always 
3: lor greater. The results recorded in Fig. 3 (which were obtained by washing the resin 
with a fixed amount of water, instead of to neutrality to methyl-orange as with the other 
experiments) are only explicable in terms of the capacity of the resin by assuming that some 
60—80°/, of the triphosphatoferric ion is adsorbed in the tribasic form, [Fe(HPO,),|*~, 
even when allowance is made for the fact that under these conditions 65° of the free 
phosphates is adsorbed as H,PO,’ ions. It seems likely that the ions adsorbed from solu- 
tion are [Fe(HPO,),]*- and H,PO,’ and that these are converted into [Fe(PO,)3]®" and 
a mixture of H,PO,’ and HPO,” respectively on washing the resin. The reactions involved 
are presumably of the types : 

2RH,PO, + nH,0 = R,HPO, + H,PO,,aq. 


R,[Fe(HPO,),] -+- 3RH,PO, + »H,O = R,[Fe(PO,),] + 3H,PO,,aq. 


where R represents 1 equiv. of the anion-exchanger. 
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The facts that the triphosphatoferric complex is not decomposed on prolonged washing 
of the resin and that it is the compound first produced even on high dilution of the more 
concentrated ferric phosphate solutions show that it is not readily hydrolysed. 

Nature of the Solid Phases.—The pink or lilac colour of the stable solutions is also 
characteristic of the solid phases in equilibrium with them, and this may indicate, although 
it does not prove, a similarity of constitution. Weinland and Ensgraber (loc. cit.) have 
already suggested that the solid phases are in fact complex. 

It seems likely that the compound, Fe,0,,3P,0;,6H,O, is a complex such as 
H,[Fe(HPO,),] or Hg{Fe(PO,)3], since it often separates first from solutions containing 
such a complex even when it is not the stable solid phase. The corresponding decahydrate 
presumably has a similar structure. 

Although Weinland and Ensgraber (loc. cit.) assigned the structure H,[Fe(PO,)9] 
to the compound Fe,0;,2P,0;,8H,0, we have found no evidence of the corresponding 
anion in the solutions. Likewise, the tertiary phosphate which these authors regard as 
being Fe[Fe(PO,).],5H,O could equally well be Fe,{Fe(PO,)3],7$H,O. It is evident that 
little further can be learnt of the structures of these compounds until a complete X-ray 
examination has been made, and it is unfortunate that in his study of the tertiary compound 
Caglioti (Atti R. Accad. Lincet, 1935, 22, 146) heated it first to 600° for 2 hr. 

Cole and Jackson’s evidence (J. Phys. Coll. Chem., 1950, 54, 128) for regarding the tertiary 
phosphate as a dihydroxy-dihydrogen phosphate, Fe(OH),H,PO,, is not, in our opinion, 
conclusive. In any case this structure seems hardly likely for a compound which crystal- 
lises from solutions having a pH value as low as 0-24 (cf. Table 3). 

Carter and Hartshorne accounted for the parallel tie-lines by assuming that the tertiary 
phosphate adsorbed more or less acid, according to the concentration in the liquid phase. 
Since such adsorption would presumably depend on the surface area of the solid, it would 
not lead to parallel tie-lines. Further, it is difficult to reconcile their theory with the 
fact that the parallel tie-line system gives way to the tertiary phosphate, without any 
adsorbed acid. 

The parallel tie-lines could arise from the formation of solid solutions between the 
tertiary phosphate and one of the more acid compounds. Another possibility is that the 
compound, H,/Fe(PO,),], which separates first, acts as a cation-exchanger and exchanges 
its hydrogen ions for ferric ions in the solution, to an extent determined by the acid 
concentration. 

The change in colour, and the separation of the anhydrous tetraphosphate Fe,P,04, 
(Table 1d) in place of an orthophosphate, both show that strong heating produces a change 
in the nature of the species present in solution. We therefore took particular care in the 
equilibrium studies not to heat the solutions above 80°. The existence of a compound 
Fe,0;,2P,0,; was first mentioned by Millot (Compt. rend., 1876, 82, 89), but was later 
questioned by Brasseur (1bid., 1936, 202, 761; cf., however, idem, ibid., 1940, 211, 258). 
Recently, Thilo and Ratz (Z. anorg. Chem., 1949, 260, 255) have shown that tetraphosphates 
may exist under certain conditions, and they obtained evidence for a ferric salt, as well as 
for other heavy-metal compounds. 

It is surprising that the compound Fe,0,,2P,0,,10H,O, found in the system at 40° 
by Bailer, should not occur at either 25° or 70°. We suspect that Bailer’s results may be 
in error here, since he used a commercial ferric phosphate as starting material—in spite of 
the fact that Carter and Hartshorne had previously pointed out that such material always 
contains alkali-metal impurities. The yellowish-white colour of the compound, which 
distinguishes it from the other stable phases, suggests that it may contain alkali. We 
have, in fact, observed that the addition of a very small amount of alkali-metal dihydrogen 
phosphate to a stable ferric phosphate solution (containing 26°, of P,O;) caused the 
separation of a considerable amount of yellowish-white solid. The use of an impure 
starting material would have a significant effect on the results only where a considerable 
amount of it was dissolved, which would be the case in the region where the compound 
Fe,03,2P,0;,10H,O was reported to occur. 
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EXPERIMENTAL 
The experimental procedure was the same as in Parts I and II with the following 


exceptions. 

Preparation of Solutions for Phase-diagram Studies.—Solutions containing more than 25% 
of phosphoric oxide were made by saturating phosphoric acid solutions of different concentrations 
with the tertiary phosphate at temperatures not exceeding 80°. These solutions were cooled 
rapidly and allowed to reach equilibrium at 25°, Alternate tubes were stirred daily for 4 weeks 
and then allowed to settle for one week, and the others were stirred for 6 weeks and allowed to 
settle for one. A smooth solubility curve was taken as a criterion of equilibrium. 

For the more dilute solutions, 5m-phosphoric acid was saturated with the tertiary phosphate 
at temperatures below 80°, and the resulting clear solution cooled. Portions of this were 
diluted to 30—150 ml. (as determined by the need to obtain sufficient solid for analysis) and 
allowed to crystallise at 25°. In the equilibrium experiments (Table la) the mixture was 
frequently stirred, and the crystalline mass broken up. Equilibrium was assumed to be reached 
on two counts: (1) the tertiary phosphate was the solid phase over the whole range and showed 
throughout a definite crystalline form; (2) no evidence of any further change was noted in any 
solutions left for between twelve and fifteen weeks. 

Apparatus.—For the solutions containing more than 50% of phosphoric oxide, glass- 
stoppered vessels were used in place of those with rubber bungs. 

Analysis.—The moist solids were separated from the liquid phases by filtration through a 
sintered-glass filter. Whenever possible, an approximate value for the density of the liquid 
was obtained by using a definite volume of liquid for analysis. All solids were examined 
microscopically and analysed by the methods. previously described (loc. cit.). 

Anion-exchange Experiments.—Apart from the experiments recorded in Fig. 3, where 800 ml. 
of water were used, the resin was always washed until the washings were neutral to methyl- 
orange before determination of the species adsorbed. Thorough washing always preceded 
capacity determinations. 
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Nucleotides. Part XXIII.* Mononucleotides derived from Deoxycytidine. 
Note on the Structure of Cytidylic Acids a and b. 


By A. M. MicHELtson and A. R. Topp. 
[Reprint Order No. 4575.] 


Starting from the parent nucleoside, deoxycytidine-3’ and -5’ phosphates 
have been synthesised. The latter compound is identical with the deoxy- 
cytidylic acid obtained by enzymic hydrolysis of deoxyribonucleic acids. 
Comparison of the infra-red spectra and other properties of the cytidine and 
deoxycytidine phosphates provides strong evidence for the view that cytidylic 
acid b is cytidine-3’ phosphate and hence that uridylic acid b is uridine-3’ 
phosphate. 


In Part XX (Michelson and Todd, J., 1953, 951) we described the synthesis, from the 
natural deoxyribonucleoside thymidine, of thymidine-3’ and -5’ phosphates, and showed 
that the latter is identical with the thymidylic acid obtained by enzymic hydrolysis of 
deoxyribonucleic acids by Klein and Thannhauser (Z. physiol. Chem., 1933, 218, 173; 
1934, 224, 252; 1935, 231, 96). The present paper describes an extension of this work to 
the mononucleotides derived from deoxycytidine (I). 

The methods employed were analogous to those used for the corresponding thymidine 
derivatives. With triphenylmethyl chloride in pyridine deoxycytidine yielded mainly a 


* Part XXII, J., 1953, 2947. 
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monotrityl derivative formulated as 5’-O-trityldeoxycytidine by analogy with 5’-O-trityl- 
thymidine (Levene and Tipson, J. Biol. Chem., 1935, 109, 623), accompanied by a small 
amount of a ditrityl derivative. When acetylated, 5’-O-trityldeoxycytidine yielded a 
diacetyl derivative, clearly an WN : O*-diacetyl-O*-trityldeoxycytidine, although no 
definite evidence exists as to which of the two possible nitrogen atoms is substituted 
[N¢@) in (I) or Ng in the tautomeric form]. From this N : O*-diacetyldeoxycytidine was 
obtained by short treatment with hot 80% acetic acid; even under these conditions some 
hydrolysis of the labile N-acetyl group and of the glycosidic linkage occurred so that a 
substantial amount of 3’-O-acetyldeoxycytidine was also formed, together with some 
sugar-free material. Phosphorylation of WN : O*-diacetyldeoxycytidine with dibenzyl 

phosphorochloridate, followed by monodebenzylation and 

(RA Ase removal of acetyl groups, yielded deoxycytidine-5’ benzyl 

CH-CIt,CH(OH)-CH-CHyOH phosphate, converted by catalytic hydrogenation into 

; de deoxycytidine-5’ phosphate. This synthetic nucleotide was 
O's 4) shown to be identical with deoxycytidylic acid obtained 
i n from deoxyribonucleic acid by the method of Klein and 
ma Thannhauser (oc. cit.); the natural and synthetic materials 
were identified by comparison of m. p., optical rotation, infra-red spectrum, X-ray powder 
photography, and by paper chromatographic and ion-exchange behaviour. 

When 5’-0-trityldeoxycytidine was phosphorylated with dibenzyl phosphorochloridate 
in the usual manner, and the crude product heated with aqueous acetic acid to remove 
simultaneously the trityl residue and one benzyl group, deoxycytidine-3’ benzyl phosphate 
was the major product. It was, however, accompanied by traces of deoxycytidine-3’ 
phosphate and larger amounts of another substance which appeared to be a cytosine-N 
benzyl phosphate from its analytical composition, and the facts that it was sugar-free and 
that it yielded cytosine on catalytic hydrogenation. The formation of this by-product was 
not unexpected, since N-acylation occurs readily in cytosine derivatives and such acylation 
in the case of cytidine and deoxycytidine labilises the glycosidic linkage, giving them a 
stability similar to that of the corresponding purine nucleosides. Catalytic hydrogenation 
of deoxycytidine-3’ benzyl phosphate furnished the free nucleotide deoxycytidine-3’ 
phosphate. 

With the completion of these syntheses it is now definitely established that the pyrimi- 
dine deoxyribonucleotides obtained from natural sources by Klein and Thannhauser (loc. 
cit.) are the 5’-phosphates of the respective nucleosides. It is hoped to provide similar 
synthetic proof of the nature of the natural purine deoxyribonucleotides although it is to 
be expected that they, too, are 5’-phosphates by analogy with their pyrimidine congeners 
in the light of the general structure of the deoxyribonucleic acids (Brown and Todd, /., 
1952, 52), and in view of the evidence obtained by Carter (J. Amer. Chem. Soc., 1951, 78, 
1537) from experiments on the action of purified 5’-nucleotidase. Volkin, Khym, and Cohn 
(tbid., p. 1535) compared the ion-exchange behaviour of adenosine-2’, -3’, and -5’ phosphates 
with that of natural deoxyadenylic acid and concluded on this basis that the latter was 
deoxyadenosine-5’ phosphate. Although the conclusion may well be correct, an examin- 
ation of the ion-exchange characteristics of the cytidine and deoxycytidine phosphates 
shows that the differences between the 3’- and 5’-phosphates are such as to make general 
application of this type of argument rather dangerous unless supported by other evidence. 

The properties of the deoxycytidine phosphates are of considerable interest because of 
their bearing on the question of the true orientation of the a and } ribonucleotides. These 
substances, which are obtained by the alkaline hydrolysis of ribonucleic acids, are undoubt- 
edly the 2’- and the 3’-phosphates of their respective nucleosides (Brown and Todd, /., 1952, 
44) but until recently it was impossible to say which was the 2’- and which the 3’-isomer in 
any case. Although direct synthetic evidence is not yet available on this point, indirect 
evidence for the view that cytidylic acid 0 is cytidine-3’ phosphate has been advanced on 
the basis of solubility, ultra-violet absorption, and acid strength (Loring, Hammell, Levy, 
and Bortner, J. Biol. Chem., 1952, 196, 821; Cavalieri, J. Amer. Chem. Soc., 1952, 74, 5804), 
while Khym, Doherty, Volkin, and Cohn (7bid., 1953, 75, 1262) have produced evidence from 
hydrolytic studies for the view that the adenylic acids a and 6 are respectively the 2’- and 
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Infra-ved spectra. 

(a) cytidine-5’ phosphate. 

(b) deoxycytidine-5’ phosphate. 

(c) cytidylic acid b (form 
“‘bg.o”’ of Harris e al., loc. 
cit.) 

(d) deoxycytidine-3’ phosphate. 

(e) cytidylic acid b (form Daic,”” 
of Harris et al., loc. cit.). 


(f) evtidylic acid a (form “‘ay,0” 
of Harris e¢ al., loc. cit.). 
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3’-phosphates of adenosine. Strong evidence for the view that cytidylic acid 6 is cytidine-3’ 
phosphate is provided by a comparison of the infra-red spectra of the phosphates of 
cytidine and deoxycytidine (see Fig.). The spectra of the two 5’-phosphates are closely 
similar, as also are those of deoxycytidine-3’ phosphate (curve d@) and one form of cytidylic 
acid 6 (curve c). The infra-red spectrum of cytidylic acid a in either of its isomorphic 
modifications (Harris, Orr, Roe, and Thomas, /., 1953, 489) is quite different from any of 
them. The conclusion that cytidylic acid } is cytidine-3’ phosphate, and hence that 
cytidylic acid a is cytidine-2’ phosphate, although not valid on this evidence alone, is 
further supported by comparison of optical rotation and ultra-violet absorption data in the 
cytidine and deoxycytidine series (see Experimental section). Accepting this evidence, it 
also follows that uridylic acid 6 is uridine-3’ phosphate, since the former has been prepared 
from cytidylic acid 6 by deamination under conditions which preclude phosphoryl] migration 
(Brown, Dekker, and Todd, /J., 1952 2715). 

The action of several enzymes on the synthetic nucleotides and nucleotide esters 
described in this paper as well as (for comparison) on several other nucleotides has been 
examined. Rattlesnake venom (Crotalus atrox) dephosphorylated deoxycytidine-5’ 
phosphate (natural and synthetic) and -5’ benzyl phosphate, and cytidine-5’ phosphate ; it 
had no effect on deoxycytidine-3’ phosphate, -3’ benzyl phosphate, or -3’ : 5’ diphosphate, 
or on cytidylic acid a or 6. As was to be expected from its mode of action on esters of 
ribonucleotides (Brown and Todd, /., 1953, 2040) crystalline pancreatic ribonuclease had 
no effect on the benzyl esters of deoxycytidine-3’ or -5’ phosphate or thymidine-5’ phosphate. 
More surprising is the fact that the same compounds were all unaffected by deoxyribonu- 
clease, since they can be regarded structurally as the simplest analogues of the polydeoxy- 
ribonucleotides; whether this means that deoxyribonuclease needs substrates more 
complex than simple nucleotide esters or whether it merely indicates a specificity for purine 
nucleotides remains to be determined. In this connection it is of interest that deoxy- 
ribonuclease is also without action on apurinic acids (Tamm, Shapiro, and Chargaff, J. Biol. 
Chem., 1952, 199, 313), degradation products of deoxyribonucleic acids in which purine 
residues are absent. 


In Part XIX (Dekker, Michelson, and Todd, /., 1953, 947) we described the preparation 
of deoxycytidine-3’ : 5’ diphosphate by a process involving direct phosphorylation of 
deoxycytidine with dibenzyl phosphorochloridate and mentioned the simultaneous form- 
ation of much mononucleotidic material. This has now been identified as deoxycytidine-5’ 
phosphate; part of it seems to be produced directly and part by partial hydrolysis of an 
N : O*-diphosphate during the working up. 


EXPERIMENTAL 


5’-O-Trityldeoxycytidine.—Triphenylmethy] chloride (14 g.) was added to a suspension of 
anhydrous deoxycytidine (5-9 g.) in dry pyridine (160 c.c.), and the mixture shaken vigorously 
at room temperature until a clear solution was obtained (approx. 2 hr.), then set aside at room 
temperature for 1 week, with exclusion of moisture. The solution was then cooled to 0° and 
poured into ice-water (1200 c.c.) with vigorous stirring, and the precipitate collected, washed 
with water, and dried. The product was next dissolved in acetone containing a little methanol, 
and the solution filtered; on cooling, the filtrate deposited 5’-O-irityldeoxycytidine as small 
needles (10-8 g., 89%), m. p. 239° (Found, in material dried for 8 hr. at 150°/1 mm.: C, 71-0; 
H, 6-0; N, 8-8. C,,H,,0,N, requires C, 71-6; H, 5-8; N, 8-9%). The picrate crystallised from 
absolute ethanol in short needles, m. p. 166—167° (decomp.) (Found, in material dried for 8 
hr. at 120°/1 mm.: C, 58-0; H, 4:9; N, 12:2. C,,H,,0,N3,C,H,O,N; requires C, 58-4; H, 4-3; 
N, 12-0). 

A small amount of a ditrityldeoxycytidine could be isolated from the acetone mother- 
liquors of the crude 5’-O-trityldeoxycytidine. This material crystallised from acetone-ethanol 
in needles or colourless laths, m. p. 172—173° (decomp.) (Found, in material dried for 12 hr. at 
100°/1 mm.: C, 77-4; H, 6-2; N, 5-6. C,,H,,0O,N;,C,H;-OH requires C, 77:7; H, 6-2; N, 
56%). 

N : O*-Diacetyl-O"-trityldeoxycytidine.—A solution of anhydrous 5’-O-trityldeoxycytidine 
(2-9 g.) in dry pyridine (40 c.c.) and acetic anhydride (10 c.c) was kept at room temperature for 
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-t. 20 hr., then cooled to 0° and poured into ice water (500 c.c.) with vigorous stirring. The 
¢ )lourless precipitate was collected, washed with water,and dried. Recrystallised from methanol, 
N : O*-diacetyl-O"-trityldeoxycytidine formed long needles (3-0 g., 88%), m. p. 196° (Found, in 
material dried for 8 hr. at 120°/1 mm.: C, 69-4; H, 5°7; N, 7-6. C3,H;,O,N; requires C, 69-4; 
H, 5-6; N, 7-6%). 

N : O*-Diacetyldeoxycytidine.—A solution of N : O*-diacetyl-O*-trityldeoxycytidine (4-05 g.) 
in acetic acid (15 c.c. of 80%) was heated under reflux for 5 min., then the acetic acid was 
evaporated under reduced pressure below 30°. The residue was triturated with ether (100 c.c.), 
the mixture kept at 0° for 1 hr., and the ether decanted off. Paper chromatography with 
n-butanol—-water (86:14) showed that the gummy solid contained two main components, 
corresponding to a mono- and a di-acetate, as well as traces of cytosine and N-acetylcytosine. 
Purification was effected by countercurrent separation with ethyl acetate—water. The fractions 
containing the diacetate were combined and evaporated to dryness under reduced pressure. 
The residue crystallised from acetone-light petroleum (b. p. 40—60°) as rosettes of small 
needles (1-04 g.), m. p. 170°. Recrystallised from water, N : O*-diacetyldeoxycytidine formed 
long thin needles, m. p. 171° (Found, in material dried at 90°/10-° mm. for 5 hr.: C, 50-2; 
H, 5-7; N, 13-6. C,;H,,O,N; requires C, 50-2; H, 5-5; N, 13-5%), Amax, 247, 296 mu; Anin. 
227, 270 mu. and optical ratio 280/260 mu, 0-776 in 0-015M-H°CO,H. The fractions containing 
monoacetyldeoxycytidine were evaporated to dryness under reduced pressure, and the residue 
was dissolved in water (10 c.c.), filtered, and treated with aqueous picric acid. The picrate of 
3’-O-acetyldeoxycytidine separated in rosettes of very long needles, which, recrystallised from 
water (0-48 g.), had m. p. 173° (decomp.) (Found, in material dried for 8 hr. at 120°/1 mm. : 
C, 41-3; H, 3-8; N, 16-5. C,,H,;0;N;,C,H,O,N, requires C, 41-0; H, 3-6; N, 16-9%). 

Deoxycytidine-5’ Benzyl Phosphate.-—Dibenzyl phosphorochloridate (from 4 g. of dibenzyl 
phosphite) was added to a solution of anhydrous N : O*-diacetyldeoxycytidine (0-90 g.) in 
anhydrous pyridine (10 c.c.) at —30°, and the mixture kept just above its m. p. for 6 hr. and then 
left at 0° overnight. Water (20 c.c.) and sodium carbonate (3 g.) were added and the mixture 
was evaporated to dryness under reduced pressure. The residue was dissolved in chloroform, 
washed with aqueous sodium hydrogen carbonate and then with water, and dried (Na,SO,) ; 
removal of the solvent under reduced pressure gave a thick oil (2-3 g.) which was dissolved in a 
mixture of dry benzene (10 c.c.) and 4-methylmorpholine (20 c.c.) and kept at 100° for 2 hr. to 
effect monodebenzylation. Solvent was removed under reduced pressure, the residue dissolved 
in water (50 c.c.), the deep yellow solution was extracted three times with chloroform, and the 
chloroform extracts were discarded. The aqueous solution was then adjusted to pH 10 with 
aqueous ammonia, kept at this pH at room temperature for 12 hr., then run on to a column (10 
cm. X 5sq.cm.) of Dowex-2 anion-exchange resin (mesh size 200—400) in the formate form, and 
the column washed well with water. Elution was continued with 0-025m-formic acid (approx. 
2 c.c./min.), and the eluate collected in 20-c.c. fractions in an automatically operated fraction- 
collector. The appropriate fractions (optical density ratio 280 mu/260 my = 2-1) were combined 
and evaporated to small volume under reduced pressure (bath-temp. below 30°) and finally 
freeze-dried. The residue was dissolved in water and filtered and the filtrate evaporated to 
dryness under reduced pressure to give deoxycytidine-5’ benzyl phosphate as a colourless glass 
(0-73 g.) (Found, in material dried at 50°/10-* mm. for 24 hr.: N, 10-5; P, 7-7. C,gH0,N,P 
requires N, 10-6; P, 7-8%). 

Deoxycytidine-5’ Phosphate.—A solution of deoxycytidine-5’ benzyl phosphate (0-4 g.) in 
aqueous ethanol (100 c.c. of 50%) was hydrogenated with a palladium catalyst at room temper- 
ature and pressure. Catalyst was removed by filtration, the filtrate was concentrated to small 
bulk under reduced pressure and filtered, and two volumes of ethanol were added to the filtrate. 
Deoxycytidine-5’ phosphate crystallised as small needles (0-30 g., 97%), m. p. 183—184° (decomp.) 
undepressed on admixture with natural deoxycytidylic acid (Found, in material dried at 120°/10-* 
mm. for 6 hr.: C, 35-2; H, 4:9; N, 13-7; P, 10-0. C,H,,0,N,P requires C, 35-2; H, 4-6; 
N, 13-7; P, 10-1%), [a]}? +38-5° (c, 1-2 in H,O). Klein and Thannhauser (Z. physiol. Chem., 
1935, 231, 96) give m. p. 183—187° and [a]?! +35°. Infra-red spectra of the natural and 
synthetic nucleotides were identical, as were their X-ray powder photographs. 

Deoxycytidine-3’ Benzyl Phosphate.—A solution of 5’-O-trityldeoxycytidine (10 g.) in dry 
pyridine (80 c.c.) was cooled to just above its m. p. and dibenzyl phosphorochloridate (from 
20 g. of dibenzyl phosphite) was added. The mixture was kept at ca. —30° for 6 hr., then left 
at 0° overnight. Water (60 c.c.) and sodium carbonate (12 g.) were added, the mixture was 
evaporated under reduced pressure, and the residue shaken with chloroform and water. The 
chloroform extract was further washed with water, dried (Na,SO,), and evaporated to a yellow 
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glass which was dissolved in acetic acid (150 c.c. of 80%), and the solution was gently boiled 
for 7 min. Acetic acid was removed under reduced pressure, and water and chloroform were 
added to the residue together with sufficient ammonia to bring the pH to 8-5. After extraction 
of the aqueous layer 3 times with chloroform (chloroform extracts were discarded) the solution 
was adjusted to pH 9 and run on toacolumn (10cm. x 5 sq. cm.) of Dowex-2 anion-exchange 
resin (formate form). The column was eluted with water (deoxycytidine removed), then 0-02m- 
formic acid (mononucleotide material removed; shown to be deoxycytidine-3’ phosphate by 
enzyme experiments), and finally 0-15m-formic acid. Two peaks were obtained with the last 
solvent : the first, corresponding to deoxycytidine-3’ benzyl phosphate, had an optical density 
ratio 280 my/260 my of 1-9, while the second, corresponding to cytosine-N benzyl phosphate, 
had an optical density ratio 280 my/260 my of 2-6 (in 0-15m-formic acid). Appropriate fractions 
containing deoxycytidine-3’ benzyl phosphate were combined, taken to small volume under 
reduced pressure, and finally freeze-dried. The residue, recrystallised from water, gave deoxy- 
cytidine-3’ benzyl phosphate (0°85 g.) as clusters of hydrated needles, m. p. 100—101°, m. p. after 
drying 150—151° (Found, in material dried at 95°/10-* mm. for 24 hr.: C, 47-9; H, 5-0; N, 10-5; 
P, 7-8. C,gHy9O,N3P requires C, 48-3; H, 5-0; N, 10-6; P, 7-8%). 

The fractions containing cytosine-N benzyl phosphate were combined, taken to small 
volume, and freeze-dried, and the residue was recrystallised from water (yield, 0-27 g.). Cyto- 
sine-N benzyl phosphate crystallised as small needles which contracted at 180° and melted at 
187° (Found: C, 43-8; H, 4-4; N, 13-9; P, 10-3. C,,H,,0,N,P,H,O requires C, 44-2; H, 4-7; 
N, 14:0; P, 10-4%), Amax, 287 my, Amin, 248 mu. Optical density ratio 280/260 my = 2-45 in 
0-015mM-H°CO,H. Hydrogenation of this material yielded cytosine, identical with an authentic 
sample in ultra-violet absorption and paper-chromatographic behaviour. 

Deoxycytidine-3’ Phosphate.—An aqueous-ethanolic solution of deoxycytidine-3’ benzyl 
phosphate (0-15 g.) was hydrogenated in the usual manner with a mixture of palladium and 
palladised charcoal catalysts. Deoxycytidine-3’ phosphate crystallised from aqueous ethanol in 
clusters of needles (0-105 g.), m. p. 196—197° (decomp.), [«]}7 +57-0° (c, 1-35 in H,O) (Found, 
in material dried at 100°/10- mm. for 6 hr: C, 35:2; H, 4-4; N, 13-9; P, 10-0. C,H,,0,N,P 
requires C, 35-2;. H, 4-6; N, 13-7; P, 10-1%). 

Phosphorylation of Deoxycytidine.—A solution of deoxycytidine (1 g.) in anhydrous pyridine 
(55 c.c.) was phosphorylated in the usual manner with dibenzyl phosphorochloridate (from 5 g. 
of dibenzyl phosphite). The crude gum was dissolved in ethanol (20 c.c.), and ether (200 c.c.) 
added to precipitate the phosphorylated deoxycytidine as a gum (1-5 g.) which was hydrogenated 
in aqueous ethanol (200 c.c. of 50%) over palladium and palladised charcoal catalysts. After 
removal of the catalyst the solution was neutralised with aqueous ammonia and taken to dryness 
under reduced pressure. The residue was dissolved in water (200 c.c.) adjusted to pH 9 with 
dilute ammonia, and run on to a column (10 cm. x 5 sq. cm.) of Dowex-2 (chloride form) ion- 
exchange resin. After being washed with water, the column was connected to an automatic 
fraction-collecting device, and 20-c.c. fractions were collected. Elution was commenced with 
0-0025N-hydrochloric acid to remove a peak corresponding to deoxycytidine-5’ phosphate. 
Elution with 0-004n-acid then removed the major component, presumably deoxycytidine-N : 5’ 
diphosphate. Appropriate fractions were combined in each case, taken to small volume under 
reduced pressure, and finally freeze-dried. Crystallisation from 70% ethanol gave deoxycyti- 
dine-5’ phosphate (20 mg.), m. p. 183—184° (decomp.), from the first peak (Found: N, 13-7. 
Calc. for CjH,,0,N,;P: N, 13-7%), and the same phosphate from the second peak (100 mg.), 
m. p. 183° (decomp.) (Found, in material dried at 100°/10-* mm. for 6 hr.: C, 35-2; H, 5-0; 
N, 13-7. Calc. for CgH,,0,N;P: C, 35-2; H, 4:6; N, 13-7%). That both specimens were 
deoxycytidine-5’ phosphate was shown by enzyme experiments, infra-red spectra and X-ray 
powder photographs and behaviour on ion-exchange columns. The most probable explanation 
of the two peaks is that the second crop of 5’-phosphate arises from decomposition of an N : 5’- 
diphosphate during elution. Further elution of the column with 0-01N-hydrochloric acid re- 
moved a small amount of deoxycytidine-3’ : 5’ diphosphate, isolated as its dibarium salt (20 mg.). 

Action of Rattlesnake (Crotalus atrox) Venom on Deoxycytidine Phosphates.—To each nucleo- 
tide derivative (ca. 1 mg.) were added glycine buffer (0-3 c.c. of 0-25m; pH 9), magnesium chloride 
(0-1 c.c. of 0-1N), and rattlesnake venom (0-1 c.c. of a solution containing 20 mg. of dried Crotalus 
atrox venom in 1 c.c. of 0-1m-potassium chloride). The mixture was in each case incubated at 
37° for 3 hr. and then run on paper chromatograms with appropriate controls; the solvent 
system were n-butanol—-water (86:14), isopropanol-ammonia—water (70:10:20), and n- 
propanol-2n-hydrochloric acid (3: 1). 

Paper Chromatography of Deoxycytidine Derivatives.—Solvent systems used : I, »-butanol- 
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water (86:14); II, tsopropanol-ammonia—water (70:10:20); III, u-propanol—2n-hydro- 
chloric acid (3: 1). 
Ascending Ry values 

Il ll 

0-59 0-33 


Deoxycytidine csacass con Risecaews 
or- Trityldeoxycytidine | oted peso conendenctiessand 
N : O%-Diacetyl- -0¥ -trityldeoxycytidine inst <daiebineas 92 — — 
N : O¥-Diacetyldeoxycytidine ...............ceeccsseeeeeseeces 65 — -- 
O*%’-Acetyldeoxycytidine cade eesweuseagnn sos ackioke eveeas — 

Deoxycytidine- 3’ NS | sd cnactcicvscsasectcetssseonecess 0-07 0:33 
Deoxycytidine-5’ phosphate —..............scssesssesssessseees 0-09 0-33 
Natural GeoxyCcytidvine GGi....csesesssciase ccs casccdees cea exces 0-09 0-33 
Deoxycytidine-3’ : 5’ diphosphate 0 0-36 
Deoxycytidine-3’ benzyl phosphate 0-054 0-54 0-67 
Deoxycytidine-5’ benzyl phosphate ...............:eseeeeeeee 0-057 0-51 0-65 
Cytosine-N benzyl phosphate ............cccsesscccesceecscess 0-037 0-47 -— 


Separation of Mixtures of Deoxycytidine-3’ and Pings deenaghal Phosphates.—Separation was 
achieved with an ion-exchange column (Dowex-2; formate form) and elution with 0-015m- 
formic acid. The elution diagram showed two peaks, the first corresponding to deoxycytidine-5’ 
phosphate and the second to deoxycytidine-3’ phosphate. 

Comparison of the Cytidine and Deoxycytidine Phosphates.—See Table. 
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Nucleotides. Part XXIV.* The Action of Some Nucleases 
on Simple Esters of Monoribonucleotides. 


By D. M. Brown, L. A. HEpPPEL, and R. J. HILMOE. 
[Reprint Order No. 4576.] 


An enzymically active fraction from spleen converts adenosine-3’ benzyl 
phosphate and cytidine-3’ benzyl phosphate into adenosine-3’ phosphate 
(adenylic acid 6) and cytidine-3’ phosphate (cytidylic acid b) respectively. 
The corresponding 2’-esters are not affected. The same fraction yields only 
the 3’(b)-mononucleotides from ribonucleic acids and polyribonucleotides. 
Taking these in conjunction with previous results on the specificity of ribo- 
nuclease (Brown and Todd, J., 1953, 2040) it is concluded that the inter- 
nucleotidic linkage in ribonucleic acids involves the 3’- and not the 2’- 
position in both purine and pyrimidine nucleotide residues, 7.e., that the 
ribonucleic acids are 3’ : 5’-linked polynucleotides. 

Comparable observations with diesterases from other sources are described. 


RECENT work on the structure of the ribonucleic acids has had as its objective the 

elucidation of the nature and position of the internucleotide linkage of the polynucleotide 

chain. From a consideration of the mechanism of chemical hydrolysis by acid and alkali 

it became clear that the nucleoside residues comprising the chain were linked through the 

phosphoryl group at Cy) or Ce) and Cig (e.g., I) (Brown and Todd, J., 1952, 52). In 

practice, it has been necessary, previously, to refer to these positions as a, b, and C;,) since 
* Part XXIII, preceding paper. 
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the orientation of the phosphoryl group in the isomeric monoribonucleotides derived from 
hydrolysates of ribonucleic acid had not been established. Recently, however, Khym, 
Doherty, Volkin, and Cohn (J. Amer. Chem. Soc., 1953, 75, 1262) have given chemical 
evidence that adenylic acid 6 is adenosine-3’ phosphate (II; R = adenine residue, R’ = H). 
Cytidylic acid b is considered to be cytidine-3’ phosphate (II; R = cytosine residue, 
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R’ = H) on physical grounds (Loring, Hammell, Levy, and Bortner, J. Biol. Chem., 1952, 
196, 821; Cavalieri, J. Amer. Chem. Soc., 1952, 74, 5804), and hence uridylic acid b is the 
3’-isomer (II; R = uracil residue, R’ = H) (Brown, Dekker, and Todd, J., 1952, 2715). 
Recent evidence from enzymic studies (Shuster and Kaplan, J. Biol. Chem., 1953, 201, 535) 
confirms the view (Cohn, J. Cell. Comp. Physiol., 1951, Suppl. 1, 38, 21) that the } isomers 
of all four monoribonucleotides are alike in the position of the phosphoryl group in the 
tibofuranose residue. Any conclusions regarding the position of the internucleotidic 
linkage in the polynucleotides depend on the validity of the structures assigned to the 
mononucleotides and, in the present paper, we accept those indicated above. 

The decision between C,, and Cy) as a linkage point in the polynucleotides was reached 
in the case of the pyrimidine nucleoside residues by a study of the action of the pancreatic 
enzyme, ribonuclease, on some simple benzy] esters of the isomeric uridylic and cytidylic 
acids. Uridine-3’ and cytidine-3’ benzyl phosphate (II; R = uracil and cytosine residue 
respectively, R’ = CH,Ph) were hydrolysed via the corresponding nucleoside-2’ : 3’ 
phosphate to uridine-3’ and cytidine-3’ phosphate*respectively; the 2’-esters (III; R = 
uracil and cytosine residue respectively, R’ = CH,Ph) were unaffected (Brown, Dekker, 
and Todd, /., 1952, 2715; Brown and Todd, /., 1953, 2040). Since the mechanism of 
hydrolysis of these simple esters by the enzyme was entirely analogous to that observed 
for the ribonucleic acids (Markham and Smith, Biochem. J., 1952, 52, 552, 558) it was 
concluded that the pyrimidine nucleotide residues were linked at the 3’-position in the 
ribonucleic acids. The specificity of ribonuclease clearly did not permit any conclusion 
concerning the linkage of the purine nucleotide residues, Evidence on this was sought in 
the action of other, related enzymes. 

There are numerous indications in the literature that nucleases with specificities 
different from that of ribonuclease exist in plant and animal tissues. E.g., Schmidt, 
Cubiles, and Thannhauser (J. Cell. Comp. Physiol., 1951, Suppl. 1, 38, 61) found that 
pancreas contains a fraction which hydrolyses further the limit polynucleotides produced 
by ribonuclease digestion of ribonucleic acids. Volkin and Cohn (Fed. Proc., 1952, 11, 
303) showed that extracts of spleen prepared according to Maver and Greco (J. Biol. Chem., 
1949, 181, 861) degrade ribonucleic acids to the 3’-mononucleotides. Fractionation of 
spleen has led to three distinct enzymically active fractions (Heppel and Hilmoe, Fed. 
Proc., 1953, 12, 217) of which that designated Fraction III has been used in the present 
work; degradation of ribonucleic acids and some ribonuclease-resistant polynucleotides by 
Fraction III has been studied (Heppel, Markham, and Hilmoe, Nature, 1953, 171, 1152) 
concurrently. It was found that ribonucleic acids and certain polynucleotides are split by 
the enzyme preparation to mononucleotides of which the purine representatives were 
adenosine-3’ phosphate and guanosine-3’ phosphate. No evidence of intermediate 
nucleoside-2’ : 3’ phosphates was observed. It was concluded that the diesterase split 
the internucleotide linkages without the possibility of migration of the phosphory] group, 
so that the purine nucleoside residues in the intact polynucleotide had been linked at the 
3’-position. This, although plausible, would be rendered more certain by a study of the 
action of the enzyme on isomeric nucleotide esters in which the phosphoryl group is known 
to occupy the 2’- and the 3’-position of the nucleoside residue. 
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We have now studied the action of the spleen fraction on benzyl esters of adenosine-2’ 
and -3’ phosphate and cytidine-2’ and -3’ phosphate, following the reactions on paper 
chromatograms. The benzyl esters of the two adenylic acids, as their mixed barium 
salts, have previously been described (Brown and Todd, /., 1952, 44); they have now been 
separated by ion-exchange chromatography, and the free acids obtained in crystalline 
form. The cytidine derivatives have already been described (Brown and Todd, J., 1953, 
2040). 

The adenosine-3’ and cytidine-3’ benzyl phosphates, when treated with the spleen 
fraction, were completely converted into adenosine-3’ phosphate and cytidine-3’ phosphate ; 
no evidence for a cyclic phosphate intermediate was found on paper chromatograms. 
The 2’-isomers were, however, unaffected, even though for adenosine-2’ benzyl phosphate 
the concentration was varied 80-fold. This was not due to enzyme inhibition, because 
incubation of a mixture of the 2’- and the 3’-ester resulted in approximately complete 
splitting of the latter. A stricter comparison of the two esters was made by using nearly 
comparable quantities of substrate and varying the concentration of enzyme widely 
(Table 1). This showed that hydrolysis of the 2’-isomer, if it occurred, must be at a rate 
less than 1/3000 that of the 3’-isomer. 


TABLE 1. Action of enzyme fractions from spleen, intestinal mucosa, potato, and 
rye grass on certain benzyl esters. 


Incubation Enzyme solution (ml. per Substrate (benzyl Concn. of substrate (umoles/ml.) Hydrolysis 
(hr.) ml. incubation mixture) } phosphates) initial final change (%) 
(a) Spleen fraction. 
0-57 Cytidine-2’ 
0-13 Cytidine-3’ 
1-0 Adenosine-2’ 
0-57 = 
0-57 = 
0-57 = 
0-13 Adenosine-3’ 
0-13 
0-065 
0-031 
0-016 
0-002 
0-001 
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(b) Intestinal mucosa fraction. 
0-65 Cytidine-2’ 1-9 
0-65 Cytidine-3’ 4-8 
0-65 Adenosine-2’ 
0-65 Adenosine-3’ 
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(c) Rye grass fraction. 
Cytidine-2’ : 
Cytidine-3’ 
Adenosine-2’ 
Adenosine-3’ 
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(d) Potato extract. 
0-8 Cytidine-2’ : 0 
0-8 Cytidine-3’ 2-¢ , 1-8 
0-8 Adenosine-2’ . 0 
0:8 Adenosine-3’ ° : 1-4 
1 The same enzyme solutions were used throughout (see Experimental section). 


Although no evidence for the presence of nucleoside-2’ : 3’ phosphates in the solution 
during the enzymic hydrolysis was found, the enzyme preparation does split the cyclic 
phosphates under comparable conditions, yielding mononucleotides* (cf. Heppel, 


* (Added, 24.9.53.] Observations made since submission of this paper by one of us (L. A. H.) with 
Mr. P. R. Whitfeld and Dr. R. Markham show that this enzyme preparation yields only nucleoside-2’ 
phosphates from the corresponding cyclic phosphates. This does not affect the conclusions drawn from 
the present work. 
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Markham, and Hilmoe, loc. cit.), and Table 2 shows that the rates are of a similar order of 
magnitude. The mechanism of hydrolysis of the esters is of some importance since 
ribonuclease, which has a closely related specificity, acts by a mechanism essentially 


TABLE 2. Action of enzyme fractions from spleen, intestinal mucosa, potato, 
and rye grass on guanosine-2’ : 3’ phosphate. 
Concn. of guanosine- 
Enzyme solution (ml. 2’ : 3’ phosphate 
Incubation per ml. incubation (umoles/ml.) 
(hr.) mixture) Enzyme initial final change 

1 P Rye grass fraction 

1 Potato extract 

1 > Spleen fraction 

1 , Intestinal mucosa fraction 


similar to that of chemical hydrolytic agents (Brown «1d Todd, Joc. cit.) in which cyclic 
intermediates are involved. Present evidence is insufficient to allow more detailed 
discussion. 

The same spleen fraction catalyses the nearly complete hydrolysis of ribonucleic acids, 
well over 90°% being converted into mononucleotides (Heppel, Markham, and Hilmoe, 


& 
re 


Disappearance of adenosine-3’ benzyl phosphate when incubated 
with spleen fraction at 37°. Each ml. of incubation mixture 
contained 0-2 ml. of enzyme solution, 16-3 ymoles of the ester, 
and 0-3 ml. of 0-5M-potassium phosphate buffer (pH 7-4). 
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loc. cit.). Since, then, only the nucleoside-3’ benzyl phosphates are hydrolysed by the 
enzyme it follows that the linkage point in the ribonucleic acids must also be at the 
3’-position of the nucleoside residues, regardless of the mechanism of the enzymic 
hydrolysis. 

Recently, it has been shown by Whitfeld and Markham (Nature, 1952, 171, 1151) that 
only purine nucleoside-3’ phosphates are formed when dinucleotides derived from ribo- 
nuclease hydrolysates of yeast ribonucleic acid are subjected to a novel chemical degrad- 
ation. The method (Brown, Fried, and Todd, Chem. and Ind., 1953, 352) cannot involve 
phosphoryl] migration. 

Thus, if one accepts the structures assigned to the isomeric monoribonucleotides and 
the accumulated evidence that C,,, is involved as one of the linkage points of the nucleoside 
residues, the ribonucleic acids must be considered to be polynucleotides in which the 
individual nucleoside residues are linked by phospho-diester groupings at the Ci) and the 
Cs» positions, as in (I). Chain branching, if it occurs, either by incorporation of phospho- 
triester groupings or at Cg, of the sugar residues of the main chain (cf. Cohn, Doherty, and 
Volkin, ‘‘ Phosphorus Metabolism,” Johns Hopkins Univ. Press, Baltimore, 1952, Vol. IT, 
p. 339) is not discussed here since the present experiments do not bear on the point. 

Several other enzyme preparations which catalyse an extensive degradation of ribo- 
nucleic acids have been tested for diesterase activity. A fraction from intestinal mucosa 
(Heppel and Hilmoe, Joc. cit.), a dialysed potato extract, and a relatively crude fraction 
from rye grass (Shuster and Kaplan, Joc. cit.) rapidly hydrolysed the 3’-esters but had no 
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effect on the 2’-isomers (Table 1). This gives further support to the conclusions regarding 
the structural features of the ribonucleic acids reached in the spleen nuclease experiments. 
The intestinal mucosa fraction, like the spleen preparation, converts adenosine-3’ benzyl 
phosphate into adenosine-3’ phosphate ; however, the plant extracts cause rapid conversion 
to the corresponding nucleoside. In the case of potato, A. Kornberg (personal 
communication) has shown that during extensive purification, the ratio of diesterase to 
non-specific phosphomonoesterase remained constant. Unless further work results in a 
dissociation of these activities, we have no simple way of determining the nature of the 
first reaction product with this diesterase preparation. 

The rye grass fraction, kindly supplied by Drs. Shuster and Kaplan, converts the 
nucleoside-3’ benzy] esters into nucleosides under conditions where nucleoside-2’ phosphates 
would not be attacked. This fraction possesses monoesterase activity specific for 3’- 
nucleotides (Shuster and Kaplan, Joc. cit.). It is probable that the conversion of the 
benzyl esters into nucleosides by this preparation involved the intermediate formation of 
nucleoside-3’ phosphate, t.e., that the initial hydrolytic step was analogous to that 
catalysed by the spleen and the intestinal fraction. 

Kinetic studies were not undertaken since the 2’-esters were not detectably split while 
the 3’-esters were completely hydrolysed. However, the Figure suggests that the 
hydrolysis of adenosine-3’ benzyl phosphate by the spleen fraction follows first-order 
kinetics. It was felt desirable to relate the activity of these four enzyme preparations 
towards the benzyl esters with their activity against a natural substrate. Table 2 indicates 
that the rates of hydrolysis of guanosine-2’: 3’ phosphate are of a similar order of 
magnitude. 

In the present investigation we have found that fractions from spleen, potato, and 
intestinal mucosa hydrolyse adenosine-3’ benzyl phosphate but not adenosine-5’ benzyl 
phosphate. Preliminary experiments with another diesterase derived from intestinal 
mucosa (Fraction V; Heppel and Hilmoe, Joc. cit.) show the opposite specificity; the 
3’-ester is not hydrolysed, but adenosine-5’ benzyl phosphate is attacked. Thus, it can be 


seen that with the synthetic alkyl esters one can obtain new information concerning the 
structural groups required for the specificity of diesterases. This can be used in following 
their separation from one another and for classification. 


EXPERIMENTAL 


Purification of Enzyme Fractions.—(a) From spleen and intestinal mucosa. Further puri- 
fication is being continued by one of us (R. J. H.) and a detailed description will be published 
later. For our experiments the procedure was as follows. 

All operations were at 3° except as noted. Calf spleen was homogenized with three volumes 
of cold 0-25m-sucrose, and the mixture adjusted to pH 5-1 with acetic acid. A bulky precipitate 
formed which was collected by centrifugation and washed with cold (—10°) acetone. The dried 
powder was extracted with 20 parts (v/w) of 0-2m-acetate buffer (pH 6), and the 
solution fractionated with ammonium sulphate, first at pH 4-9, then at pH 8, each time 
selecting broad fractions containing most of the activity. The enzyme solution used in these 
experiments was dialysed against distilled water and contained 7 mg. of protein per ml. 

Calf intestinal mucosa was homogenized with 3 volumes of cold 0-25m-sucrose, adjusted to 
pH 5-1 with acetic acid, and all insoluble material removed by centrifugation. The supernatant 
solution was twice fractionated with ammonium sulphate at pH 4-6. A fraction precipitated 
between 0-7 and 0-85 saturation was dialysed against distilled water and constituted the 
enzyme solution used for this work. It contained 9 mg. of protein per ml. and was free from 
phosphomonoesterase activity. 

(b) From potato extract. Skinned potatoes were homogenized in a Waring blender with one- 
half of their weight of distilled water, then filtered through paper, and the filtrate was saturated 
with ammonium sulphate. The precipitated proteins were collected by centrifugation and 
dialysed against cold distilled water, to give a solution containing 3-0 mg. of protein per ml. 

(c) From rye grass fraction. This was obtained from Drs. Shuster and Kaplan, and 
represented the stage of 2-fold purification described by them (cf. J. Biol. Chem., 1953, 201, 
535). The solution used contained 1-5 mg. of protein per ml. 
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Adenosine Benzyl Phosphates.—Yeast adenylic acid (0-5 g.) was treated with phenyldi- | 
azomethane (from 2-3 g. of benzaldehyde hydrazone) in dimethylformamide (5 ml.) and kept for 
some time. Ether, water, and barium carbonate were then added. The solution was shaken 
for several hours with changes of ether. The aqueous phase was separated, filtered through 
Hyflo Supercel, and evaporated under reduced pressure. The product was twice reprecipitated 
from water (3—4 ml.) by acetone, and dried (0-44 g.). This material was dissolved in water 
(50 ml.), brought to pH 8, and run on to a column (9 cm.? x 11 cm.) of Dowex-2 resin in the 
formate form. After washing with water (500 ml.), elution was commenced with 0-1N-formic 
acid. Mononucleotides were removed with the first 5 1. of solvent, which were discarded. 
Adenosine-2’ benzyl phosphate was slowly removed from the column with the next 2 1., and 
the remainder rapidly removed by changing to 0-5N-formic acid. Continued elution with this 
solvent then removed adenosine-3’ benzyl phosphate. The course of fractionation was 
followed by observing the optical densities of the fractions (ca. 20 ml.) at 260 mu. 

The fractions containing adenosine-2’ benzyl phosphate were evaporated at 20 mm. and 
the residue crystallized from water. The product formed small irregular prisms from water 
which retained water tenaciously (Found, in material dried at 105°/0-1 mm.: C, 45-1; H, 4-5; 
N, 15-0; P, 7-8. C,H. 0,N,;P,H,O requires C, 44:8; H, 4:8; N, 15-3; P, 6-8%). 

The fractions containing adenosine-3’ benzyl phosphate were evaporated at 14 mm. at room 
temperature, with additions of water at the later stages to reduce the formic acid concentration. 
The residual oil crystallized from water in rosettes of small needles (Found, in material dried at 
105°/0-1 mm.: C, 43-2; H, 5-0; N, 14:5; P, 6-7. C,,Hg90,N,;P,2H,O requires C, 43-1; 
H, 5-1; N, 14:7; P, 66%). The two substances gave single spots on paper chromatograms 
with butyl alcohol—acetic acid—water (Ry 0-42 and 0-47) corresponding to adenosine benzyl 
phosphate a and b respectively (Brown and Todd, /., 1952, 44). 

Guanosine-2 : 3’ Phosphate.—This compound was obtained (Markham and Smith, loc. cit.) 
by heating dialysed ribonuclease digests of yeast ribonucleic acid with excess of barium 
carbonate at 100° for 1 hr., followed by chromatographic separation. 

Incubation of Enzyme Fractions with the Benzyl Esters and with Guanosine-2’ : 3’ Phosphate.— 
All incubations were carried out at 37°. For experiments with spleen fractions the total volume 
was 0-07 ml.; this contained amounts of enzyme solution and concentrations of substrate as 
indicated in the Tables, and 0-015 ml. of 0:5mM-potassium phosphate buffer of pH 7-4. Incub- 
ations with intestinal mucosa and rye grass fractions were similar except that the total volume 
was 0-06 ml. For experiments with potato extract the total volume was 0-05 ml. and the 
mixture contained 0-01 ml. of M-ammonium acetate buffer of pH 5. Control incubations were 
carried out, both with omission of enzyme and omission of substrate. It was also determined 
that the enzyme preparations remained active at 37° for at least 2 days. 

In preliminary experiments it was found that the enzyme fractions completely hydrolysed 
the 3’-esters under conditions where no detectable splitting of the 2’-esters took place. The 
concentration of ester was 2—5 ymoles per ml., and the formation of 0-02 umole of product per 
ml. could have been readily detected. 

Quantitative experiments were then carried out as follows. At the end of incubation an aliquot 
portion was applied as a spot or thin line on Whatman No. 3 MM paper. Further reaction was 
halted by encircling the spot with acetone and allowing this to diffuse into the regions where 
applications had been made. After chromatography the sheets were dried and photographed 
in ultra-violet light (Markham and Smith, Biochem. J., 1949, 45, 294; 1951, 49, 401). The 
ultra-violet-absorbing regions of the paper were cut out together with appropriate control 
regions. Elution was at room temperature for 20 hr., with 5 ml. of 0-1N-hydrochloric acid after 
which the absorption at 260 my was measured with the Beckman model DU quartz prism 
spectrophotometer. The results are shown in Tables | and 2. 

For the paper chromatography of the compounds discussed in this paper several solvent 
systems were used (Whatman No. 3 MM paper, solvent descending). Good separation of the 
benzyl esters from nucleotides or nucleosides was obtained with the system tsopropanol—water 
(7:3; v/v), with the further addition of 0-35 ml. of aqueous ammonia (d 0-880) per 1. of gas 
space in the tank (poured into the bottom of the tank) (cf. Markham and Smith, Biochem. J., 
1952, 52, 552). 

The adenylic acid formed from its benzyl ester by fractions from intestine and spleen was 
identified as the 3’-isomer by migration with the solvent system saturated aqueous ammonium 
sulphate—m-sodium acetate-isopropanol (80: 18:2; v/v) (Markham and Smith, Joc. cit.) by 
comparison with an authentic specimen of adenosine-3’ phosphate. 

The nucleotide formed from cytidine-3’ benzyl phosphate by the spleen fraction was shown 
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to be entirely cytidine-3’ phosphate by means of ion-exchange chromatography (Brown, 
Dekker, and Todd, loc. cit.). 
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Nucleotides. Part XXV.* A Synthesis of Flavin-Adenine Dinucleotide. 


By S. M. H. Curistie, G. W. KENNER, and A. R. Topp. 
[Reprint Order No. 4577.] 


Condensation of salts of riboflavin-5’ phosphate with 2’ : 3’-O-isopropyl- 
ideneadenosine-5’ benzyl phosphorochloridate in warm phenol, followed by 
removal of the isopropylidene residue, yields P!-adenosine-5’ P?-riboflavin-5’ 
pyrophosphate identical with the natural coenzyme flavin—adenine di- 
nucleotide (FAD). 


FLAVIN-ADENINE DINUCLEOTIDE (usually abbreviated to FAD) is of considerable 
importance since it occurs as the prosthetic group or coenzyme of a variety of flavo- 
proteins active in hydrogen transport in biological systems. It was isolated as the 
coenzyme of D-amino-acid oxidase from liver, kidney, and yeast by Warburg and Christian 
(Naturwiss., 1938, 26, 235; Biochem. Z., 1938, 298, 150) in the form of its barium salt. On 
the basis of its analytical composition, its cleavage to adenosine-5’ phosphate and ribo- 
flavin-5’ phosphate (Abraham, Biochem. ]., 1939, 33, 543), and its failure to yield 
formaldehyde with periodic acid (Karrer and Frank, Helv. Chim. Acta, 1940, 23, 948), the 
originally postulated structure (I) for FAD has been widely accepted. Nevertheless, 
it seems at least doubtful whether the pure coenzyme has been isolated as such 
or as one of its salts since the original work of Warburg and Christian (loc. cit.) ; 
this has no doubt been due to the difficulty of isolation from natural sources, its lability 
to both acid and alkali, and to the fact that relatively crude preparations of the coenzyme 
suffice for most biochemical purposes. According to (I), FAD is an unsymmetrical di- 
ester of pyrophosphoric acid (P!-adenosine-5’ P?-riboflavin-5’ pyrophosphate) and is a 
member of a group of analogously constituted coenzymes (e.g., coenzymes I and II, 
uridine-diphosphate-glucose or UDPG, and coenzyme A) usually described as nucleotide 
coenzymes since one of the esterifying groups in each case is a natural nucleoside or one of 
its simple derivatives. The synthesis of coenzymes of this group has been one of the 
major aims of investigations in the nucleotide field carried out in this laboratory during 
recent years; no member of the group has hitherto been synthesised by other than enzymic 
methods. Several preliminary attempts to synthesise FAD have been described in 
Part XI of this series (Forrest, Mason, and Todd, /., 1952, 2530) and some of the difficulties 
inherent in any method involving exchange reactions were there discussed. After the 
work described in Part XI, new methods of pyrophosphate synthesis suitable for applic- 
ation in the nucleotide field were devised. These new methods opened the way to a 
successful synthesis of flavin-adenine dinucleotide identical with the natural coenzyme. 
A brief announcement of this synthesis has already been published (Christie, Kenner, and 
Todd, Nature, 1952, 170, 924); the present paper records full details of the synthesis and 
associated experiments. 

The key to successful synthesis lay in the discovery of a relatively easy preparation of 
2’ : 3'-O-isopropylideneadenosine-5’ benzyl phosphorochloridate (III) (Corby, Kenner, and 


* Part XXIV, preceding paper. 
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Todd, J., 1952, 3669; Kenner, Todd, and Weymouth, J., 1952, 3675). P4P?-dialkyl pyro- 
phosphates (VII) can be prepared from alkyl benzyl phosphorochloridates (V) by reaction 
with a salt of an alkyl benzyl phosphate (IV) and subsequent anionic debenzylation (Clark 
and Todd, /., 1950, 2031) of the initially formed P'P?-dialkyl P'P?-didenzyl pyro- 
phosphate. A synthesis of the symmetrical P'P?-diuridine-5’ pyrophosphate (VII; R = 
uridine-5’ residue) by this route has been described in Part XXII (Christie, Elmore, 
Kenner, Todd, and Weymouth, J., 1953, 2947). This method seemed capable of extension 
to the preparation of unsymmetrical P!P?-diesters of pyrophosphoric acid, although 
complications were expected in view of the ease with which unsymmetrical fully esterified 
pyrophosphates undergo hydrolysis and disproportionation reactions. In the specific case 
of flavin-adenine dinucleotide (I) synthesis a derivative of riboflavin which appeared 
suitable for reaction with (III), viz., 2’ : 3’ : 4’-triacetylriboflavin-5’ benzyl phosphate, had 
been prepared with some difficulty by Dr. H. S. Forrest in this laboratory. This substance, 
in the form of its triethylammonium salt, was therefore brought into reaction with (III) 
in acetonitrile solution. Condensation appeared to occur, but we were unable to detect 
FAD in the product obtained after various treatments designed to remove all the protecting 
groups. This result was not wholly surprising, since FAD itself is readily degraded by 
mild alkaline treatment to riboflavin-4’ : 5’ phosphate (II) (Forrest and Todd, J., 1950, 
3295) and it was to be expected that the initial product of condensation—a fully esterified 
pyrophosphate—would be even more labile. The same difficulty had balked many of the 
attempted syntheses described in Part XI (Joc. cit.) and in many of them, too, (II) had been 
detected in the products of reaction. 
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In these circumstances it seemed worth while to investigate the reaction between (III) 
and a salt of the readily available unprotected riboflavin-5 5° phosphate. Such a reaction, 
if successful, might produce several compounds in addition to a derivative of FAD but it 
was unlikely to lead to any ambiguity, and, if rather less elegant than the route explored 
above, it would have the advantage of involving a smaller number of steps. The un- 
protected riboflavin-5’ phosphate is freely soluble only in phenols, but it is known that 
pyrophosphates can be prepared from phosphorochloridates and silver salts in phenolic 
media (Baddiley, Michelson, and Todd, /., 1949, 582). During a re-investigation of this 
earlier work, Dr. A. S. Curry made the important discovery that at temperatures of 50° or 
above benzyl pyrophosphates are rapidly debenzylated by phenol with production of 
nuclear benzylated phenols. Further information about this interesting reaction will be 
published in due course, but it will suffice for present purposes to mention that it is acid- 
catalysed, whereas anionic debenzylation occurs under neutral or alkaline conditions; it 
is therefore an alternative to hydrogenolysis, which is sometimes unsatisfactory (cf. ¢.g., 
Anand, Clark, Hall, and Todd, J., 1952, 3665). The main relevance of this discovery to 
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the synthesis under discussion is that, since the debenzylating action of phenol is much 
more marked with pyrophosphates than phosphates, it is possible to carry out pyro- 
phosphate syntheses in phenol with benzylated intermediates and to debenzylate (and 
thereby stabilise) the product almost as soon as it is formed. This paper is therefore 
concerned with successful syntheses of this simplified type, 1.e., by reaction between (III) 
and a salt of riboflavin-5’ phosphate in phenolic solution. 

In preliminary experiments, small amounts of FAD were detected by paper chroma- 
tography (Crammer, Nature, 1948, 161, 349) in the acid-treated product of reaction of (IIT) 
and a suspension of the disilver salt of riboflavin-5’ phosphate in a mixture of phenol and 
acetonitrile (6:1). By means of the chromatographic technique described below it was 
possible to estimate the overall yields of FAD in a considerable number of runs under 
varying conditions. In this way it was established that the optimum conversion of ribo- 
flavin-5’ phosphate salt into FAD was obtained by using three mols. of (III), which suffers 
considerable decomposition in warm phenol. The monothallous salt gave rather higher 
yields than the other metal salts tried. It was also advantageous to add one equivalent of 
triethylamine to the salt, but larger quantities caused a drastic reduction in the yield, 
probably by causing breakdown of the pyrophosphate intermediate to the cyclic 
phosphate (II). It was better to carry out the reaction in warm phenol (up to 80°) rather 
than in phenol at room temperature; under these conditions complete debenzylation 
evidently occurred, since subsequent hydrogenation with palladium oxide had no effect 
(other than the reversible reduction of the flavin system). Removal of the tsopropylidene 
residue from the product to give FAD presented considerable difficulty and no fully 
satisfactory method was found. Model experiments on 2’ : 3’-O-1sopropylideneadenosine 
showed that when 0-1N-mineral acid was used removal of the acetone residue was in- 
complete at room temperature even after 24 hours. During such prolonged treatment of the 
reaction product considerable breakdown of the pyrophosphate occurred. This could be 
minimised by interrupting the hydrolysis after 7 hours, separating the FAD already produced, 
and repeating the hydrolysis on the residue. An alternative method of hydrolysis was to 
boil a solution of the product in acetic acid-ethanol-water (2:9:9 by volume) for 
10 minutes. These acid treatments were, however, unsatisfactory and even under the most 
carefully controlled conditions substantial fission of the pyrophosphate linkage occurred 
with a consequent heavy fall in the yield of FAD obtained. 

Under the best conditions found the yield of FAD in the final product corresponded to 
ca. 6°, calculated on the riboflavin-5’ phosphate employed. Separation of the FAD from 
the complex reaction product by the method used by Warburg and Christian (loc. cit.) for 
the natural coenzyme (i.e., precipitation of silver and barium salts) was impracticable. 
Preliminary experiments indicated that counter-current distribution between phenol- 
chloroform and water would give a separation from the large amounts of riboflavin-5’ 
phosphate present, but a much more convenient method was found in chromatography on a 
cellulose column with n-butanol-acetic acid-water. This was carried out in an unusual 
way which avoided the common difficulty of poor separation due to “ channelling ” in the 
column. The mixture was adsorbed on a little cellulose powder which was then dry- 
packed at the foot of the column. The solvent mixture was then allowed to rise 
through the column, largely under capillary tension; after development the slowest band, 
which contained the FAD, was cut out and eluted with water. The dry powder obtained 
on evaporation of the eluate was almost free from riboflavin-5’ phosphate and adenylic 
acids, as shown by enzymic assay and light-absorption measurements. Prof. D. Keilin 
and Dr. E. F. Hartree, to whom we are greatly indebted, determined the activity of the 
synthetic material obtained in this way as coenzyme of D-amino-acid oxidase and found 
that it showed full activity, the FAD content corresponding to ca. 90% of the riboflavin 
derivatives present as measured by the intensity of light absorption at 450 mu. The 
presence of small amounts of adenylic acids could be detected by comparing the optical 
density at 260 my with that at 450 mz. According te Warburg and Christian (loc. ctt.) and 
Whitby (Biochem. J., 1953, 54, 437) the ratio of these values should be 3-28 for pure FAD, 
although other workers have reported values in the region of 3-8 (Dimant, Sanadi, and 
Huennekens, J. Amer. Chem. Soc., 1952, 74, 5440). In various preparations obtained by 
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us as described above the ratio varied between 3-6 and 4:2. The solid material obtained 
from the cellulose column usually contained only about 30% of FAD, the remainder being 
largely phosphorus-free material derived from the cellulose. We attempted to remove the 
impurities by fractional dissolution and precipitation of the barium salt of FAD according 
to Warburg and Christian (loc. cit.) but, in our hands, there was always some concurrent 
cleavage of the pyrophosphate linkage and the salt was not obtained chromatographically 
homogeneous. Attempts to obtain crystalline salts with several organic bases failed and 
we therefore had recourse to the red, virtually insoluble, silver salt which we were able to 
obtain in a pure condition by precipitation. This salt gave analytical values for a hydrated 
trisilver salt of P!-adenosine-5’ P?-riboflavin-5’ pyrophosphate, in accord with the fact that 
riboflavin itself forms a red monosilver salt (Kuhn, Rudy, and Wagner-Jauregg, Ber., 
1933, 66, 1954). The free P}-adenosine-5’ P?-riboflavin-5’ pyrophosphate regenerated 
from this synthetic silver salt was identical in its chemical and chromatographic behaviour 
and in its absorption characteristics (see Fig.) (including the optical density ratio 
260 my./450 mu = 3-28) with natural flavin—adenine dinucleotide. 

The synthesis described above gives modest but reproducible yields of FAD from 
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fairly easily accessible starting materials, and it provides confirmation of structure (I) 
earlier allotted to the coenzyme. On the other hand, there is much scope for improvement 
in the yield and work aimed at such improvement is being continued. Perhaps the main 
importance of the synthesis as it stands is that it demonstrates that the difficulties which 
beset the synthesis of such complex and unstable molecules can be overcome; other 
related pyrophosphate coenzymes should be capable of synthesis by analogous methods. 


EXPERIMENTAL 

Salis of Riboflavin-5’ Phosphate.—The riboflavin-5’ phosphate used was prepared from its 
bisethanolamine salt and purified by chromatography on Dowex-2 ion-exchange resin. 

(a) Monothallous salt. Riboflavin-5’ phosphate (1-27 g.) was suspended in water (150 c.c.) 
and aqueous ammonia (N) was added to pH 7; dissolution of the flavin was then complete. 
Aqueous thallous hydroxide (31-2 c.c. of 0-079N; 1 mol.) was added and the mixture was 
evaporated to dryness under reduced pressure. The residue was dissolved in water (100 c.c.), 
and the monothallous salt (1-49 g.) precipitated with ethanol; this decomposed at 235° (Found, 
in material dried at 20°: C, 30-2; H, 3-0; N, 8-4; P, 4:8. C,,H,.O,N,PTI requires C, 30-9; 
H, 3-1; N, 865 P,. 7%). 

(b) Disilver salt. A mixture of riboflavin-5’ phosphate (0-996 g.), silver carbonate (1-605 g.), 
and water (20 c.c.) was shaken for 30 min. and then centrifuged. The supernatant liquor and 
aqueous washings were combined and freeze-dried, to give the disilver salt as a deep red powder 
(Found, in material dried at 20°: C, 29-4; H, 3-4; N, 8-4. C,,H,,O,N,PAg,,H,O requires C, 
29-7; H, 3-1; N, 8-1%). An equimolar mixture of this salt with riboflavin-5’ phosphate, 
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prepared by freeze-drying an aqueous solution, was used in several experiments as the 


monosilver salt.’ 

2’: 3: 4’-Tri-O-acetylriboflavin-5’ Phosphate (DR. H. S. ForrEstT).—Riboflavin-5’ phosphate 
(0-3 g.) was suspended in acetic anhydride (3 c.c.) and perchloric acid (72%; 3—5 drops) was 
added until all the phosphate had dissolved to a clear solution. The product was isolated from 
this solution either by direct precipitation with ether or by cautious addition of ethanol to the 
cooled solution, followed by concentration to small bulk and precipitation with ether. The 
iriacetyl derivative (390 mg.) was obtained as a yellow water-soluble microcrystalline powder ; 
on paper chromatography it ran as a single homogeneous spot and on treatment with ethanolic 
ammonia at 0° for 16 hr. it reverted to riboflavin-5’ phosphate (Found: C, 45-0; H, 4:8; N, 
9-2. C,,;H,,O,.N,P,2H,O requires C, 44-7; H, 5-0; N, 9-1%). The same product, in lower 
yield, was obtained by treating riboflavin-5’ phosphate with acetic anhydride in pyridine at 40°. 

2’: 3’: 4’-Tri-O-acetylriboflavin-5’ Benzyl Phesphate (DR. H. S. Forrest).—Phenyldiazo- 
methane (from 2°25 g. of benzaldehyde hydrazone) was added to a solution of 2’: 3’: 4’-tri-O- 
acetylriboflavin-5’ phosphate (100 mg.) in dry dioxan (10 c.c.), and the mixture set aside for 
l hr. Most of the dioxan was removed under reduced pressure and excess of ether was added to 
the residual solution. The flocculent yellow precipitate (100 mg.) was collected and washed by 
centrifugation. It appeared to be mainly the expected dibenzyl ester since it could not be 
extracted from chloroform solution with sodium hydrogen carbonate, and with alcoholic solvents 
on paper chromatograms it moved rapidly and mainly as a single spot. 

The ester obtained in this way (35 mg.) was heated in a hot saturated solution of lithium 
chloride in 2-ethoxyethanol (0-2 c.c.) for 3 hr. at 100—120°. Solvent was then removed under 
reduced pressure and the residue dissolved in water and extracted with chloroform. The 
chloroform extract was discarded, the acidified aqueous layer was again extracted with 
chloroform, and the extfact was dried (Na,SO,) and evaporated. The residue was dissolved in a 
minimum of ethanol and the monobenzyl ester was precipitated as a yellow powder (23 mg.) b 
means of ether. It was chromatographically homogeneous, could be extracted from its 
chloroform solution with sodium hydrogen carbonate, and when treated with ethanolic ammonia 
at 0° for 16 hr. yielded a substance assumed to be riboflavin-5’ benzyl phosphate since it was 
identical chromatographically with the acidic ester obtained by treating riboflavin-5’ phosphate 
with phenyldiazomethane in dimethylformamide (Found: C, 51:0; H, 49; N, 84. 
C,,H;;0,.N,P,2H,O requires C, 50-9; H, 5-2; N, 7-9%). 

Reaction of 2’ : 3’-O-isoPropylideneadenosine-5’ Benzyl Phosphorochloridate with 2’: 3’: 4’- 
Tri-O-acetylriboflavin-5’ Benzyl Phosphate.—2’ : 3’-O-isoPropylideneadenosine-5’ benzyl phos- 
phite (0-19 g.), dissolved in a mixture of benzene (3 c.c.) and methyl cyanide (1 c.c.), was 
chlorinated by treatment with N-chlorosuccinimide (0-054 g.) for 2 hr. at room temperature, and 
2’: 3’: 4’-tri-O-acetylriboflavin-5’ benzyl phosphate (0-227 g.), dissolved in methyl cyanide 
(3 c.c.), was added. Triethylamine (0-047 c.c., 1 mol.) in benzene (5 c.c.) was added with 
stirring during 5 min. and the mixture was set aside for 2 hr. Solvents were removed under 
reduced pressure, a saturated solution of lithium chloride in 2-ethoxyethanol (5 c.c.) was added, 
and the mixture heated at 100° for 2 hr. before concentration to small bulk (1 c.c.) under reduced 
pressure. The resultant solution was poured into dry ether (50 c.c.) and the precipitated resin 
was collected, redissolved in methanol (1 c.c.), and again precipitated with ether. 

Paper chromatography of this resin indicated (a) that some condensation had occurred, since 
the main flavin-containing spot had FR, 0-78 and the starting material had R, 0-56 [n-butanol-— 
acetic acid—water (5: 2: 3)], and (b) that treatment with lithium chloride left about 70% of the 
initial reaction product unchanged. Hydrogenation (uptake 15 c.c.) of the resin (0-386 g.) in 
aqueous methanol with palladium oxide-palladised charcoal, followed by treatment with 
methanolic hydrogen chloride (0-5m) for 1 hr. and then with barium methoxide in methanol 
(0-5m), caused considerable decomposition and no FAD could be detected among the products. 

P!-Adenosine-5’ P*-Riboflavin-5’ Pyrophosphate (Flavin—Adenine Dinucleotide).—(a) A 
solution of 2’ : 3’-O-isopropylideneadenosine-5’ benzyl phosphite (1-05 g.) and n-chlorosuccin- 
imide (0-253 g.) in methyl cyanide (10 c.c.) was kept at room temperature for 2 hr. before being 
added to a solution of monothallous riboflavin-5’ phosphate (0-5 g.) and triethylamine (0-11 c.c., 
1 mol.) in phenol (15 c.c.) at 70°. All reagents were dry and moisture was rigidly excluded. 
Methyl cyanide was now removed under reduced pressure at 70° and the phenolic solution kept 
at this temperature for 40 min. in all. Dry ether (3 c.c.) was then added and the precipitated 
thallous chloride removed in a centrifuge. Water (20 c.c.) was added and the phenol was 
removed from the mixture by extraction with ether (3 x 100 c.c.); a little precipitated 
resin was taken up in phenol and re-partitioned between ether and water. The combined 
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aqueous solutions were brought to 0-1n-acidity by means of 3Nn-hydrochloric acid and were 
kept at 20° for 7 hr. They were then neutralised with ammonia, saturated with ammonium 
sulphate, and extracted with phenol (3 x 5 c.c.). The mixed flavins were driven out of the 
phenol extract into water (10 c.c.) by ether (3 x 100 c.c.) and then adsorbed on powdered 
cellulose (7 g.; Whatman Standard Grade). The adsorbate was dried in vacuo over sulphuric 
acid and placed as a layer on a sintered-glass disc (4 cm. diam.) in a short tube (5cm.). <A long 
chromatogram tube was now fitted on to the short tube by a ground-glass joint and filled to a 
height of 30 cm. with tamped-down cellulose powder. When a mixture of n-butanol-acetic 
acid—water (5: 2:3 by vol.) was allowed to flow through the disc up the column by capillary 
tension, the product moved with an R, ca. 0-2 and was therefore easily separated from ribo- 
flavin-5’ phosphate (Rp ca. 0-4) and other unidentified faster-moving flavin derivatives. 
Development of the column was complete in 5 hr. 

The two portions of the column were separated and the required slower-moving yellow band, 
which had just passed the ground joint, was removed, washed with acetone (2 x 100 c.c.), and 
packed into a short column (3 x 10 cm.); percolation of this with water (61 c.c.) eluted the 
product. The faster-moving flavins in the main column were also eluted and their aqueous 
solution made 0-1Nn with respect to hydrochloric acid and kept at 20° for 17 hr. Repetition of 
the above process of extraction and chromatography with this solution yielded a further 
quantity of product. The intensity of light absorption at 450 my of the two solutions so 
obtained corresponded to the presence of 39 and 11 ymoles of FAD, a total yield of 6-6%. The 
combined solutions were freeze-dried to a yellow solid, which had an optical density ratio 
260/450 mu = 4-2, and contained 29% by weight of FAD. 

(b) A considerable number of experiments of the same general type as (a) were carried out. 
In some of these the red trisilver salt of FAD described in (c) (below) was precipitated from the 
de-salted aqueous solution [which in (a) was adsorbed directly on cellulose] by acidification to 
pH 83 with nitric acid and addition of 20% silver nitrate solution. The salt was suspended in 
water and dissolved by adding 20% aqueous potassium chloride. Hydrochloric acid (0-5N) was 
added, silver chloride was removed in a centrifuge, and the clear solution neutralised with 
potassium hydroxide, before adsorption on cellulose and chromatography. The product 
finally obtained by this means was not noticeably purer than that obtained in (a) and the 
recovery was lower. 

The consistency of the yields obtained in repeating individual experiments was surprising and 
the following general conclusions were drawn. p-Chlorophenol may be used in place of phenol 
without marked effect. The technique of adding the phosphorochloridate solution to the 
warm phenolic solution as in (a) is superior to that of allowing condensation to take place at a 
lower temperature (e.g., 20° for 3 days) and then debenzylating in a separate operation (e.g., 
at 60° for 30 min.) after removal of the methyl cyanide. The monothallous salt is the most 
convenient since it is anhydrous and dissolves readily in phenol. Yields about half as great or 
somewhat better are given by the monosilver, disodium, and triethylammonium salts. In the 
last case, a series of runs with increasing quantities of triethylamine showed two molar 
proportions to be the optimum amount; with three, yields were negligible, but small yields 
could be obtained with only one or even with none added to the riboflavin-5’ phosphate. When 
no triethylamine was added to the monothallous salt the yield by method (a) fell to 4%. 

(c) Although the product obtained in (a) above showed the full biological activity of FAD, 
and was free from inhibitory substances, it was desirable to obtain a chemically pure specimen 
of FAD or one of its salts from it. 

The freeze-dried synthetic product was dissolved in water (2 c.c.) and shaken with a small 
quantity of IR-120 ion-exchange resin in the hydrogen form. The resin was removed at a 
centrifuge, and silver nitrate solution (0-5 c.c. of 20% w/v) was added to the supernatant liquid. 
The flocculent red precipitate of the ¢risilver salt of P!-adenosine-5’ P?-riboflavin-5’ pyro- 
phosphate was collected, washed with water (2 x 1 c.c.) and then acetone (2 x 2c.c.), and dried 
in vacuo at room temperature. The deep red silver salt was evidently hydrated, but drying at 
high temperature was impracticable owing to decomposition; it appeared to be stable when 
stored for prolonged periods in the dark at 0° (Found, in material dried at 20°: C, 26-6; H, 3-5; 
N, 10-1; P, 5-8; Ag, 27-3. C,,H3,0,;N,P2.Ag3,5H,O requires C, 27-1; H, 3-4; N, 10-5; P, 
5-2; Ag, 27°1%). 

The synthetic product regenerated from the trisilver salt had the same FR, as natural flavin— 
adenine dinucleotide when submitted to paper chromatography in (1) 5% disodium hydrogen 
phosphate saturated with isoamyl alcohol and (2) »-butanol—acetic acid—water (5: 2: 3), and it 
migrated as a single spot on paper electrophoresis in 10% acetic acid. On hydrolysis with 


52 Barton and Laws: Some Oxidation Products of Ergosta- 


sulphuric acid (0-1N) at 100° for 4 hr. it yielded, like the natural coenzyme, adenine and ribo- 
flavin-5’ phosphate, identified by paper chromatography. The absorption spectrum was 
determined in M/15-phosphate buffer at pH 7 (see Fig.). Molecular extinction coefficients at 
260 mu and 375 muy, as well as the optical density ratio 260/450 my are compared below with the 
recorded literature values given by (1) Warburg and Christian. (loc. cit.) and (2) Whitby (loc. cit.), 
FAD concentrations being in each case based on intensity of absorption of solutions at 450 my. 
10~e, 260 mp 10%¢, 375 mu Ratio 260/450 mz 
Synthetic PAD «2.0.66. 37-0 9-21 3-28 
Natural FAD ............. (1) 37-0, (2) 37-0 (1) 9-0, (2) 9-3 (1) 3-28, (2) 3-28 
Bioassay of Synthetic FAD.—The ability of the synthetic material to reconstitute D-amino- 
acid oxidase when combined with the flavin-free enzyme protein was tested, following Keilin 
and Hartree’s method (Nature, 1946, 157, 801) in which the velocity of oxidation of pL-alanine 
is measured by the uptake of oxygen in presence of catalase at 39° and pH 8-3. An aqueous 
solution of material similar to that obtained in (a) (0-565 mg. in 4 c.c.) had optical density 0-620 
at 450 mu and 0-025 c.c. was equivalent in coenzyme activity to 0-0041 c.c. of natural FAD 
(3-07 x 10m). Hence the solution of synthetic material was 0-504 x 10-'m and 28% of the 
dry solid and 91% of the flavin in the solution were coenzyme. 
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Some Oxidation Products of Ergosta-7 : 14 : 22-trien-38-yl Acetate 
(Ergosterol B, Acetate). 


By D. H. R. Barton and G. F. Laws. 
[Reprint Order No. 4635.] 

Photo-oxidation of ergosta-7 : 14: 22-trien-38-yl acetate (I; R = Ac) 
affords 7a : 8«-epoxy-15-oxo-14&-ergost-22-en-38-yl acetate, 7«-hydroxy-15- 
oxo- and 15€-hydroxy-7-oxo-ergosta-8(14) : 22-dien-38-yl acetate, and a 
hydroperoxide or peroxide the constitution of which has not been fully 
eludicated. The structures assigned are based on an extensive series of 
further transformations. 

Chromic acid oxidation of (I; R= Ac) affords 7: 15-dioxoergosta- 
8(14) : 22-dien-38-yl acetate, reduced by zinc dust and acetic acid to a mixture 
of 7: 15-dioxo-88 : 14a- and -8x : 148-ergost-22-en-38-yl acetate. On cata- 
lytic hydrogenation followed by Clemmensen reduction both diketones give 
ergostan-38-yl acetate. 

Treatment of (I; R = Ac) with perphthalic acid affords, amongst other 
products, ergosta-8(14) : 22-diene-38 : 7§: 15&-triol 3-acetate 7-(hydrogen 
phthalate) which is smoothly transformed by acid into 15-oxoergosta- 
8(14) : 22-dien-38-yl acetate. Reduction of the last product with lithium and 
liquid ammonia gives 38-hydroxyergost-22-en-15-one, whence a number of 
derivatives has been obtained. The corresponding 15-oxocholestan-3(-yl 
acetate and derivatives have also been prepared. 

The bearing of these observations on the relative stabilities of stereo- 
isomeric steroids and on molecular-rotation correlations is briefly discussed. 


THE importance now assumed by the smooth photo-oxidation of steroidal homoannular 
dienes (Bergmann, and McLean, Chem. Reviews, 1941, 28, 367; Jones, Henbest, et al., /., 
1952, 4883, 4890, 4894; Laubach, Schreiber, Agnello, Lightfoot, and Brunings, J. Amer. 
Chem. Soc., 1953, 75, 1514) has led us to examine the applicability of this technique to 
comparable heteroannular systems, with potential cortisone syntheses in mind. In brief, 
we have found that, amongst readily available steroidal heteroannular dienes, only ergosta- 
7: 14: 22-trien-38-yl acetate (ergosterol Bg acetate) (and presumably its 7: 14-dienic 
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analogues) is subject to smooth photochemical oxidation. Characterisation of the products 
has led us to a more extensive investigation of ergosta-7 : 14 : 22-trien-38-ol. 

Photo-oxidation of ergosta-7 : 14 : 22-trien-38-yl acetate (I; R = Ac) gave a complex 
mixture of products resolved by chromatography into four homogeneous compounds. 
The most easily eluted was shown to be 7a: 8a-epoxy-15-oxo-14€-ergost-22-en-38-yl 
acetate (II; R= Ac) on the following evidence. The ultra-violet absorption indicated 
the presence of a saturated ketone group, which was shown to be contained in a five- 
membered ring by the infra-red spectrum [bands at 1744 (five-ring ketone), 1736 and 
1240 cm.-! (acetate)]. The infra-red spectrum also disclosed bands at 1302 and 896 cm.-! 
due to an epoxide grouping, and at 968 cm.! due to the trans-ethylenic linkage in the 
side chain. The compound could not be acetylated or oxidised under mild conditions. 
Hydrogenation under acid conditions gave ergost-8(14)-en-38-yl acetate (III; R = Ac). 
These observations are consistent with formula (II; R= Ac) and its correctness was 
confirmed by treatment with methanolic potassium hydroxide, followed by re-acetylation, 
which gave 15-oxoergosta-8(14) : 22-diene-38 : 7a-diol diacetate (IV; R = R’ = Ac) (see 
below). The formation of a comparable epoxy-ketone in the photo-oxidation of cholesta- 
2:4-diene has also been observed (Werner Bergmann, personal communication; Conca 
and Bergmann, J. Org. Chem., 1953, 18, 1104). 

The second most easily eluted product of the photo-oxidation was shown to be 15&- 
hydroxy-7-oxoergosta-8(14) : 22-dien-38-yl acetate (V; R= Ac). The evidence for the 
constitution of this compound is as follows. The ultra-violet absorption revealed the 
presence of an a-unsaturated ketone group. The infra-red spectrum [bands at 1666 («}- 
unsaturated carbonyl in a six-membered ring), 1736 and 1234 cm." (acetate)} confirmed 
this, and further indicated a hydroxyl group (band at 3430 cm.“!)._ The presence of the 
latter was shown chemically by base-catalysed acetylation to give a diacetate, and by 
chromic acid oxidation to 7 : 15-dioxoergosta-8(14) : 22-dien-36-yl acetate (VI; R = Ac) 
(see below). Hydrogenation under acid conditions gave ergost-8(14)-en-38-yl acetate 
(II[; R= Ac). The characterisation of the secondary hydroxyl group as contained in 
CO-C:C-CH(OH), and a final confirmation of structure, were secured by reduction with 
zinc dust and acetic acid, which gave 7-oxoergosta-8(14) : 22-dien-38-yl acetate (VII; 
R = Ac) (Heusser, Saucy, Anliker, and Jeger, Helv. Chim. Acta, 1952, 35, 2090) [infra-red 
bands (in Nujol) at 1740 (acetate) and 1670 cm."! («8-unsaturated ketone in a six-membered 
ring) |. 

The third product of photo-oxidation was identified as a hydroperoxide or peroxide 
(VIII), the constitution of which has not been elucidated. 

The compound eluted last in the chromatogram was shown to be 7«-hydroxy-15-oxo- 
ergosta-8(14) : 22-dien-38-yl acetate (IV; R= Ac, R’ = H) on the following evidence. 
The ultra-violet absorption showed the presence of an «$-unsaturated ketone group. The 
infra-red spectrum [bands at 1708 («8-unsaturated CO in a five-membered ring), 1736 and 
1244 cm.-! (acetate)] confirmed this, and further indicated a hydroxyl group (band at 
3460 cm.~!)._ The latter was shown to be secondary, (a) by acetylation to a diacetate (IV; 
R = R’ = Ac) and (b) by chromic acid oxidation to 7 : 15-dioxoergosta-8(14) : 22-dien-38- 
yl acetate (VI; R= Ac) (see below). Hydrogenation under acid conditions afforded 
ergost-8(14)-en-38-yl acetate (III; R= Ac). The secondary hydroxyl group was shown 
to be contained in CO-C:C-CH(OH) by reduction with zinc dust and acetic acid, which 
furnished 15-oxoergosta-8(14) : 22-dien-38-yl acetate (IX; R= Ac). The ultra-violet 
and infra-red [bands at 1734 and 1235 (acetate), 1703 («@-unsaturated CO in a five- 
membered ring), and 967 cm.~! (tvans-ethylenic linkage)] absorption spectra confirmed the 
formulation of the latter. As expected, catalytic hydrogenation in acetic acid gave 
ergost-8(14)-en-38-yl acetate (III; R = Ac). 

The configuration of the hydroxyl group at C;,) was established in the following way. 
Reduction with lithium and liquid ammonia (cf. Birch, J., 1944, 430 and subsequent 
papers; Sondheimer, Yashin, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1952, 74, 
2696; Schoenewaldt, Turnbull, Chamberlin, Reinhold, Erickson, Ruyle, Chemerda, and 
Tishler, ibid., p. 2696) followed by re-acetylation under mild conditions gave a monoacetate 
shown by the reactions outlined in the sequel to be 15-oxoergost-22-ene-38 : 7a-diol 3-acetate 
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(X; R= Ac). Wolff-Kishner reduction of the latter furnished ergost-22-ene-38 : 7a-diol 
(XI; R=H). Oxidation of the diol by chromic acid afforded ergost-22-ene-3 : 7-dione 
(XII), the stability of which to attempted alkaline epimerisation at C(z) was demonstrated. 
Wolff—Kishner reduction of the diketone gave ergost-22-ene (XIII), isolated and identified 
as the dibromide (Barton, Cox, and Holness, J., 1949, 1771). These experiments show that 
the configurations at Cg) and Cy4) in (X) and in (XI) are $ and « respectively. Further 
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evidence on this point is presented later in connection with the chemistry of 15-oxoergosta- 
8(14) : 22-dien-38-yl acetate. The molecular rotation observed for ergost-22-ene-3 : 7-dione 
was —195°, in excellent agreement with the calculated value of —200° [based on the known 
molecular rotation of ergost-22-ene (Barton, Cox, and Holness, Joc. cit.) and calculated 
from the standard tables of Barton and Klyne (Chem. and Ind., 1948, 755) ; other calculated 
molecular rotations in the present paper are, unless specified to the contrary, obtained in 
the same way]. The observed molecular rotation for ergost-22-ene-38 : 7a-diol (XI; R = 
H) was —100°; the calculated value for the 7a-diol is —99° in good agreement, whereas 
for the analogous 78-compound it would be +70°. Similarly the observed [M]p for 15- 
oxoergosta-38 : 7a-diol was +19°. The calculated [M]p’s for 7a- and 7£-compounds [the 
15-oxo-contribution being assumed as +-89° (see below)] are —10° and + 159° respectively. 

The assignment of the «-configuration at Cz) was confirmed as follows. Treatment of 
ergost-22-ene-38 : 7a-diol with pyridine-acetic anhydride gave the 3-acetate. With 
pyridine-phosphorus oxychloride this lost water smoothly to furnish ergosta-7 : 22-dien- 
38-yl acetate, this ready elimination being best explained by placing the hydroxyl at Cz 
in the «(polar)-configuration (cf. Barton and Rosenfelder, J., 1951, 1048). A 78-hydroxyl 
(equatorial and cis relative to the C;.)2-H) would have reacted to give a chloro-compound 
(cf. Fieser, Fieser, and Chakravarti, J. Amer. Chem. Soc., 1949, 71, 2226). 
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On digestion with methanolic hydrochloric acid (cf. Romo, Stork, Rosenkranz, and 
Djerassi, J. Amer. Chem. Soc., 1952, 74, 2918; Lemin, Rosenkranz, and Djerassi, ibid., 
1953, 75, 1745) 7a-hydroxy-15-oxoergosta-8(14) : 22-dien-38-yl acetate afforded, after 
reacetylation, 15-oxoergosta-6 : 8(14) : 22-trien-38-yl acetate (XIV; R= Ac). The 
constitution assigned is based on the proved structure of the precursor and on the ultra- 
violet absorption spectrum [Amax. 297 my; the calculated maximum according to Fieser, 
and Fieser (‘‘ Natural Products Related to Phenanthrene,” Reinhold Publ. Corpn., 
1949, p. 184), is 295 my]. 

In the steroid series homoannular dienes are readily converted into peroxides. We find 
that, of steroidal heteroannular dienes, only the cisoid 7 : 14-system reacts readily [8 : 5-, 
7: 9(11)-, and 8 : 14-dienes do not react]. Clearly it is the cisoid nature of the diene which 
is of dominant importance, as in the comparable reactions with maleic anhydride. How- 
ever, not all cisotd dienes are subject to ready photochemical oxidation: «- and -amyra- 
10 : 12-dienyl acetate (XV) do not react readily, nor does methyl olea-12 : 18-dienolate 
acetate (XVI) (Barton and Brooks, /., 1951, 257). The resistance to photochemical 
oxidation shown by these cisoid dienes parallels their resistance to reaction with maleic 
anhydride and must be ascribed to their hindered nature. 

The susceptibility of ergosta-7 : 14 : 22-trien-38-yl acetate to oxidation by chromic acid 
has been examined. Oxidation with 4-4 equivalents gave (IV; R= Ac, R’ =H). 
‘ Oxidation with 10 equivalents afforded 7 : 15-dioxoergosta-8(14) : 22-dien-38-yl acetate 
(VI; R= Ac) as major product, together with some (IV; R= Ac, R’=H). The 
constitution assigned to the 7: 15-diketone is based on the established structure of the 
precursor and on the following considerations. The ultra-violet absorption [Amax. 259 mu 
(c 11,200)] is consistent with an ene-] : 4-dione system. The infra-red spectrum showed 
bands at 1732 and 1234 (acetate), 1700 («$-unsaturated CO in a five-membered ring), 1645 
(a8-unsaturated CO in a six-membered ring) and at 970 cm.-} (trans-ethylenic linkage).* 
It reacted smoothly with hydrazine to give a pyridazine derivative. As expected of an 
ene-1 : 4-dione structure, the 8(14)-ethylenic linkage was readily reduced by zinc dust and 


- <4 


acetic acid. Two diketones were produced, both of which had the C;g)- and C.4)-hydrogen 
atoms trans to each other as judged by the selenium dioxide test (Barnes and Barton, /., 
1953, 1419). The higher-melting diketone, produced in minor amount, was readily 
isomerised to the lower-melting compound by treatment with methanolic potassium 
hydroxide followed by reacetylation. The lower-melting diketone was recovered un- 
changed under the same conditions. Reduction of both diketones by palladium-catalysed 
hydrogenation (to saturate the side-chain ethylenic linkage) followed by application of the 
Clemmensen method gave ergostan-38-yl acetate. Thus the more stable (lower-melting) 
diketone is the 88: 14a-compound (XVII; R= Ac) and the isomer probably has the 
8 : 146-configuration (XVIII; R = Ac). 7: 15-Dioxo-88 : 14«-ergost-22-en-38-yl acetate 
showed bands at 1738 (five-ring ketone), 1738 and 1240 (acetate), 1710 (six-ring ketone), and 
965 cm.~! (trans-ethylenic linkage). The 8« : 148-isomer showed bands at 1748 (five-ring 
ketone), 1738 and 1240 (acetate), 1720 (six-ring ketone), and 968 cm." (¢rans-ethylenic 
linkage). The spectra are thus in accord with the assigned constitutions. 

The action of perphthalic acid on ergosta-7 : 14 : 22-trien-38-yl acetate has afforded 


* Although we regard the homogeneity and constitution of the 7 : 15-dioxoergosta-8(14) : 22-dien- 
38-yl acetate described herein as established, it does not correspond in absorption spectrum or in expected 
molecular rotation with the compound regarded as 7 : 15-dioxoergost-8(14)-en-3f-yl acetate by Stavely 
and Bollenback (J. Amer. Chem. Soc., 1943, 65, 1285). The discrepancy might have been resolved if 
our compound had been contaminated with 15-oxoergosta-8(14) : 22-dien-38-yl acetate, but work 
summarised in the Experimental section excludes this. The ultra-violet absorption spectra of the two 
pyridazine derivatives are, however, in good agreement. 
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results of interest. The triene rapidly reacted with one mol. of the per-acid. Treatment of 
the crude product with boron trifluoride in benzene furnished, according to the duration of 
the reaction, either 15-oxo-14&-ergost-7 : 22-dien-38-yl acetate (XIX; R= Ac) or 15- 
oxoergost-8(14) : 22-dien-38-yl acetate (IX; R= Ac). The @y-unsaturated ketone was 
converted into the «$-unsaturated isomer (IX; R = Ac) on treatment with ethanolic 
hydrochloric acid followed by reacetylation. The constitution assigned to (XIX; R = Ac) 
is based on the method of formation, the ultra-violet absorption spectrum [Amax, 293 my 
(c 75)], the infra-red spectrum [bands at 1737 (superimposed acetate and five-ring ketone), 
1238 (acetate), 972 (trans-ethylenic linkage), and 825 cm."! (triply substituted ethylenic 
linkage)], and the conversion into (IX; R = Ac). 

The two unsaturated ketones mentioned above are not obtained in good yield. The 
major product of the reaction with perphthalic acid is an unsaturated hydrogen phthalate, 
conveniently isolated as the sodium salt. This ester has been assigned the constitution 
(XX; R= Ac) on the following evidence. Oxidation by chromic acid gave an un- 
saturated ketone (XXI; R = Ac), not isolated in a state of purity, but reduced by zinc 
dust and acetic acid to (IX; R= Ac). On melting, (XX; R = Ac) decomposed to give 
a conjugated triene formulated as (XXII; R = Ac) on the basis of its absorption spectrum 
‘Amax, 282 mu; the calculated maximum according to Fieser and Fieser (of. cit.) is 274 my], 
its strongly positive tetranitromethane test, and the mode of preparation. The alternative 


CoH, 


(XXII) (XXIII) (XXV) 

(X = 0-CO,H-C,H,'CO-) 
structure (XXIII) is excluded by the calculated Amax, (313 mu) thereof and by the fact that 
the triene obtained did not react readily with maleic anhydride. Treatment of the sodium 
salt of (XX; R= Ac) with ethanolic hydrochloric acid followed by re-acetylation 
furnished (IX; R= Ac). The non-acidic fraction of the original perphthalic oxidation 
treated in the same way likewise afforded (IX; R= Ac). The total yield of the latter, 
based on ergosta-7 : 14 : 22-trien-38-yl acetate, was 65%. 

Reduction of (IX; R = Ac) by lithium and liquid ammonia gave 38-hydroxyergost-22- 
en-15-one (XXIV; R == H, R’ = C,H,,). In agreement with the assigned constitution 
this showed bands at 3620 (hydroxyl), 1738 (five-ring ketone), and 968 cm.~! (trans-ethylenic 
linkage). The 15-oxostanols thus become readily accessible compounds.* 3¢-Hydroxy- 


* Dr. J. Fried of the Squibb Institute for Medical Research has kindly informed us that 15-oxygenated 
steroids have also been isolated in his laboratory as microbiological oxidation products. 
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ergost-22-en-15-one was characterised as the acetate and benzoate. Wolff-Kishner 
reduction afforded ergost-22-en-36-0l (XXV; R= Ac, R’ = C,H,,) (Barton, Cox, and 
Holness, Joc. cit.), further identified by conversion into the benzoate. Alkaline hydrolysis 
of the 38-acetoxyergost-22-en-15-one, even under such drastic conditions as refluxing with 
20% (w/v) ethanolic potassium hydroxide, failed to provoke inversion at C4) and from 
this fact, as well as from the course of the Wolff—Kishner reduction, we conclude that the 
™ C-D-ring junction in saturated steroids is more stable in the ¢rans- than in 

the cis(XXVI)-configuration. The assignment of the 14«-configuration in 

/ 15-oxoergost-22-en-38-yl acetate is also supported by the molecular- 

\] LID rotation contribution (see Table) of the keto-group, which is +89°. Fora 

{ i 14¢-configuration a contribution of ca. —425° would have been expected 
on (Klyne, J., 1952, 2916). Catalytic hydrogenation of 15-oxoergost-22-en- 

(XXVI) 30-yl acetate afforded 15-oxoergostan-38-yl acetate (XXIV; R= Ac, 
R’ = C,H,,) further characterised by alkaline hydrolysis to the alcohol and by benzoyl- 
ation of the latter. The acetate showed bands at 1735 (acetate and five-ring ketone) 
and 1240 cm."! (acetate); the band for the trans-ethylenic linkage was absent. Wolff- 
Kishner reduction of 38-hydroxyergostan-15-one gave ergostan-3¢-ol (XXV; R= H, 
R’ = GH... 

In collaboration with Dr. C. S. Barnes (see Barnes, Barton, and Laws, Chem. and Ind., 
1953, 616) some analogous experiments have been carried out in the cholestanol series. 
15-Oxocholest-8(14)-en-38-yl acetate was reduced by lithium and liquid ammonia to 38- 
hydroxycholestan-15-one (XXIV; R =H, R’ = C,H,,), characterised as the acetate, 
benzoate, and 2: 4-dinitrophenylhydrazone. Wolff—Kishner reduction, as expected, gave 
cholestan-38-ol (XXVI; R =H, R’ = C,H,,), further characterised as the acetate. On 
one occasion reduction with lithium and liquid ammonia gave a saturated diol, charac- 
terised as the diacetate and dibenzoate. This is formulated as cholestan-38 : 15(?)«-diol, 
the a-configuration being probable because the method of preparation is such as to afford 
the more stable equatorial hydroxyl group (with respect to ring c) at Cy;) (Barton, 
Experientia, 1950, 6, 316; J., 1953, 1027). 

Interesting molecular-rotation data are disclosed in the Table. They show that the 
15-keto-group exerts no “ vicinal action” on simple acylation reactions at Ci) and that 
it has only a small effect on the A value for side-chain reduction. Both these observations 
are in accord with our previous studies in this field (Barton and Cox, J., 1948, 783; Barton, 
Cox, and Holness, Joc. cit.; Barton and Brooks, J. Amer. Chem. Soc., 1950, 72, 1633; 
Barton and Holness, ibid., p. 3274). 


[M]p 
A 


a 
5 


now iowee 


= aa 
15-Oxo-derivative of Acetate Benzoate A, 
Standard values: —29° 
Ergost-22-en-3B-ol ..........seeeeeeeeee = 46° + 14°* + 6§7° —32 
Ergostan-3B-0l  .........ceeeseeeeeeeeee +163 +133 +179 —30 
A +117 +119 +122 Standard A = + 
Cholestan-38-ol .....cscccscccevccsceese +182 -+-163 +197 —19 +15 
* This value, coupled with the [M]p of —75° recorded by Barton, Cox, and Holness (loc. cit.) for 
ergost-22-en-38-yl acetate, gives an [M]p contribution of +89° for a 15-keto-group. If the [M]p’s 
of ergostan-38-yl acetate (+27°; see Barton and Cox, /J., 1948, 1354) and of 15-oxoergostan-3f-yl 


acetate are used, then the [M]p contribution is + 106°. 
Refs.: 1, Barton and Cox, J., 1948, 783; 2, Experimental section, this paper; 3, Barton, Cox, 


and Holness, /oc. cit. 


EXPERIMENTAL 


For general experimental detail see J., 1952, 2339. [a], were measured in CHCl,, ultra-violet 
absorption spectra in EtOH. Infra-red spectra were kindly determined by Messrs. Glaxo 
Laboratories Ltd. in carbon disulphide solution and by Dr. H. M. E. Cardwell and Dr. F. B. 
Strauss (Oxford). The latter spectra will be reported in detail elsewhere. 

Ergosta-7 : 14: 22-trien-38-yl Acetate (I; R = Ac).—Prepared by Barton and Brooks’s 
method (J., 1951, 257) in 35% overall yield (based on ergosterol), this had m. p. 140—141°, 
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[x], —221° (c, 2:1). In order to obtain this yield consistently it is advantageous to add 3—5% 
of pyridine to the (washed) chloroform solution before evaporation in vacuo. Otherwise chlorine- 
containing impurities (hydrochlorides) evolve hydrogen chloride and thus diminish the yield. 

Photo-oxidation of Ergosta-7 : 14 : 22-trien-38-yl Acetate.—(i) Apparatus. The solution under- 
going oxidation was contained in a Pyrex glass tube (3 x 60cm.) fitted at the lower end with a 
sintered-glass gas-distribution plate. The tube was held vertically and irradiated along its 
length by a “ natural ’’ fluorescent light (20 w; 2 ft. long) in the presence of a stream of oxygen. 

(ii) Selection of sensitising dye. A solution of the triene (100 mg.) in absolute ethanol 
(300 ml.) was irradiated in the presence of dye (12—14 mg.) and oxygen. The change in position 
and intensity of the absorption maxima characteristic of the parent triene and/or its oxidation 
products was observed. In the ultra-violet measurements the appropriate blank solutions 
containing dissolved dye were, of course, employed. The annexed Table refers to changes 
produced after 16—18 hr. irradiation. Since erythrosin B appeared to be more efficient than 
other dyes it was used for the preparative work. 


Dye Colour Final Amax. (mp) Decrease (%) ine 


Tetrabromo-(R)-fluorescein (eosin) .... Red-yellow 253 
Tetrabromo-(R)-tetrachloro-(P)- fluorescein n (phloxine) Red 253 
Tetraiodo-(R)-fluorescein (erythrosin B) . . Red 253 


Tri-iodo-(R)-fluorescein (erythrosin A) .. Red 252 
Tetrachloro-(P)-tetraiodo-(R) -fluorescein n (rose- bengal) Red 252 


Se eamien . ‘ Green 253 
Di-iodo-(R)- dimethyl- (R)- fluorescein Se ee 243 
Dibromo-(R)- -dimethyl- (R)-fluorescein ..................... Orange 243 
Thionine and cyanine blue 243 


(iii) Typical preparative experiment. The triene (1-0 g.) in absolute ethanol (300 ml.) 
containing dissolved erythrosin B (45 mg.) was irradiated overnight in a stream of oxygen. 
The alcohol was removed in vacuo and the residue dissolved in light petroleum (b. p. 40—60°) 
and chromatographed. Elution as indicated in detail in the sequel gave 7« : 8«-epoxy-15-oxo- 
14£-ergost-22-en-38-yl acetate (180 mg.), 15§-hydroxy-7-oxoergosta-8(14) : 22-dien-38-yl acetate 
(220 mg.), the hydroperoxide or peroxide (160 mg.), and 7a-hydroxy-15-oxoergosta-8(14) : 22- 
dien-38-yl acetate (180 mg.). 

The products of irradiation in methanol were the same as in ethanol. Further irradiation 
of the hydroperoxide or peroxide gave back unchanged starting material and none of the other 
products of reaction. 

7a : 8a-Epoxy-15-ox0-14€-ergost-22-en-38-yl Acetate (II; R = Ac).—This compound, eluted 
with light petroleum and crystallised from methanol as plates, had m. p. 189—190°, [«], —53° 
(c, 1-1), Amax, 300 my (ec 50) (Found: C, 76-7; H, 9-7. Cg gH,.O, requires C, 76-5; H, 9-85%). 
The acetate (50 mg.) in “‘ AnalaR ”’ acetic acid (10 ml.) was hydrogenated overnight in presence 
of a platinum catalyst at room temperature. Working up in the usual way afforded ergost- 
8(14)-en-38-yl acetate, identified by m. p., mixed m. p., and rotation {[a], +0° (c, 2-0)}. The 
acetate (100 mg.) in ‘‘ AnalaR’”’ acetic acid (10 ml.) was unchanged by chromium trioxide 
(20 mg.) in the same solvent at room temperature overnight. 

15€-Hydroxy-7-oxoergosta-8(14) : 22-dien-3B-yl Acetate (V; R= Ac).—This compound, 
eluted with benzene and crystallised from light petroleum as needles, had m. p. 159°, [a], —48° 
(c, 2-0), Amax, 258 my (e 9500) (Found: C, 76-4; H, 9-7. C,,H,,O, requires C, 76-5; H, 9-85%). 
Catalytic hydrogenation as above afforded ergost-8(14)-en-38-yl acetate, identified by m. p., 
mixed m. p., and rotation {[a], +0” (c, 2-0)}. 

The acetate (120 mg.) was refluxed with a 5% solution of anhydrous sodium acetate in acetic 
anhydride (10 ml.) for 1 hr. Chromatography and crystallisation from aqueous methanol 
afforded 38 : 15&-diacetoxyergosta-8(14) : 22-dien-7-one, m. p. 91—92°, [a], —97° (c, 2-2), Amax. 
257 my (e 10,000) (Found: C, 75-4; H, 9-7. C,,H,,0, requires C, 74:9; H, 9-45%). 

The monoacetate (220 mg.) in acetic acid (30 ml.) was refluxed with zinc dust (500 mg.) for 
l hr. The product, crystallised as needles from light petroleum (b. p. 60—80°), gave 7-oxo- 
ergosta-8(14) : 22-dien-38-yl acetate, m. p. 152°, [a], —93° (c, 2-2), Amax, 262 my (e 10,700) 
(Found: C, 79-4; H, 10-2. Calc. for Cs95H,,O,: C, 79-25; H, 10-2%). Heusser, Saucy, 
Anliker, and Jeger (Helv. Chim. Acta, 1952, 35, 2090) reported m. p. 154—155° (corr.), [x], —75° 
Amax, 262 my (ce 9100). 

The Hydvoperoxide or Peroxide (VIII).—This compound, eluted with 4 : 1 benzene-ether and 
crystallised from light petroleum (b. p. 60—80°) as needles, had m. p. 164—165° (decomp.), 
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[a]p —34° (c, 2-1), no selective absorption in the ultra-violet above 210 my (Found: C, 71-8, 
71-6; H, 9-1, 9-3%). 

Ta-Hydroxy-15-oxoergosta-8(14) : 22-dien-38-yl Acetate (IV; R= Ac, R’ = H).—This com- 
pound, eluted with 4: 1 benzene-ether and crystallised from light petroleum (b. p. 60—80°) as 
needles, had m. p. 180—181°, [a], —5° (c, 1-8), Amax, 253 my (e 12,600) (Found : C, 76-5; H, 9-7. 
C35H,,O, requires C, 76-5; H, 9-85%). Acetylation with pyridine—acetic anhydride overnight 
at room temperature gave a mixture, separated by chromatography, of unchanged starting 
material and 38 : 7a-diacetoxyergosta-8(14) : 22-dien-15-one. Recrystallised from light petroleum 
(b. p. 40—60°), the latter had m. p. 150—151°, [a], +-18° (c, 2-3), Amax. 251 my (e 12,600) (Found : 
C, 74:5; H, 9:3. C3,H,,O; requires C, 74:95; H, 9-45%). Hydrogenation of the monoacetate 
in acetic acid in presence of platinum afforded ergost-8(14)-en-38-yl acetate, identified by m. p., 
mixed m. p., and rotation {[a]) +0° (c, 2-1)}. 

7a-Hydroxy-15-oxoergosta-8(14) : 22-dien-36-yl acetate (200 mg.) in acetic acid (25 ml.) was 
refluxed with zinc dust (1-0 g.) for 1 hr. Recrystallisation of the product from light petroleum 
(b. p. 60—80°) afforded 15-oxoergosta-8(14) : 22-dien-38-yl acetate as needles, m. p. 179—180°, 
[a]p +66° (c, 3-3), Amax, 259 my (e 15,700) (Found: C, 79-0; H, 10-0. C3 9H,,O, requires C, 
79-25; H, 10-2%). Hydrogenation in acetic acid in presence of platinum gave ergost-8(14)- 
en-36-yl acetate, identified by m. p., mixed m. p., and rotation {[a], +0° (c, 2-0)}. 

7a : 8a-Epoxy-15-oxoergost-22-en-38-yl acetate (see above) (100 mg.) in methanol (25 ml.) 
and aqueous potassium hydroxide (1 ml.; 5%) was heated under reflux until there was no 
further increase in the intensity of the absorption maximum at 251 my (2 hr.). The product, 
after reacetylation with pyridine-acetic anhydride at room temperature and crystallisation 
from light petroleum (b. p. 40—60°), was 38 : 7a-diacetoxyergosta-8(14) : 22-dien-15-one, 
identified by m. p., mixed m. p., and absorption spectrum [~Apax, 251 my (e 11,200)]. 

38-A cetoxy-Ta-hydroxyergost-22-en-15-one (X; R = Ac).—7a-Hydroxy-15-oxoergosta- 
8(14) : 22-dien-36-yl acetate (300 mg.) in anhydrous ether (30 ml.) was added with stirring to a 
solution of lithium (200 mg.) in dry liquid ammonia (50 ml.) at —80°. Anhydrous ether (15 ml.) 
was added and the solution stirred for a further 20 min. Working up in the usual way, acetyl- 
ation with pyridine—acetic anhydride at room temperature, and crystallisation from light 
petroleum (b. p. 60—80°), gave 38-acetoxy-7a-hydroxyergost-22-en-15-one as long needles, m. p. 
183°, [a], +4° (c, 1-4) (Found: C, 76-2; H, 9-95. C3 5H,,O, requires C, 76-25; H, 10-25%). 

Evgost-22-ene-38 : 7a-diol (XI; R =H) and its Derivatives——The foregoing monoacetate 
(200 mg.) in absolute ethanol (1 ml.) was added to a solution of sodium (200 mg.) in absolute 
ethanol (2 ml.) and later also hydrazine hydrate (99%; 1 ml.). The mixture was heated in a 
sealed tube at 180° overnight. Crystallisation of the product from benzene-light petroleum 
(b. p. 60—80°) afforded ergost-22-ene-38 : 7a-diol as plates, m. p. 193°, [a]) —24° (c, 2-0) (Found : 
C, 80-3; H, 11-3. C,,H,,O, requires C, 80-7; H, 11-6%). The diol (40 mg.) was treated with 
pyridine—acetic anhydride overnight at room temperature. The product, crystallised from 
aqueous methanol (28 mg.), had m. p. 120°, [«], —27° (c, 1-1). It must be the 36-monoacetate 
(calculated [M], for monoacetate —128°; for diacetate —212°; observed —124°). This was 
confirmed as follows. The monoacetate (28 mg.) in dry pyridine (1 ml.) and redistilled 
phosphorus oxychloride (0-5 ml.) was heated on the steam-bath for 30 min. The product, 
crystallised from chloroform—methanol, gave ergosta-7 : 22-dien-38-yl acetate, identified by 
m. p. and mixed m. p. 

Ergost-22-ene-38 : 7a-diol (200 mg.) in ‘“‘ AnalaR’’ acetic acid (5 ml.) was treated with 
chromium trioxide (70 mg.) in aqueous acetic acid (80%; 2 ml.) at room temperature over- 
night. Chromatography over alumina and crystallisation of the product from light petroleum 
(b. p. 60—80°) afforded ergost-22-ene-3 : 7-dione as plates, m. p. 202—203°, [a], —47° (c, 1-9) 
(Found: C, 81-25; H, 10-6. C,,H,,O, requires C, 81-5; H, 10-75%). The diketone (7 mg.) 
was refluxed with 10% methanolic potassium hydroxide for 45 min. It was recovered un- 
changed {m. p., mixed m. p., and rotation, [a], —43° (c, 0-5)}. 

The diketone (66 mg.) in absolute ethanol (1 ml.) was subjected to Wolff—Kishner reduction 
as detailed above. The product (44 mg.) was dissolved in carbon tetrachloride (0-57 ml.) 
containing the theoretical amount of bromine (17 mg.) and left overnight at room temperature. 
Crystallisation from acetone gave ergost-22-ene dibromide, identified by m. p., mixed m. p., 
and rotation {[«]) -+0° (c, 0-4)}. For the authentic specimen of the dibromide (Barton, Cox, 
and Holness, Joc. cit.) we now find [«], -+-2° (c, 1-3). 

15-Oxoergosta-6 : 8(14) : 22-trien-38-yl Acetate (XIV; R = Ac).—7a-Hydroxy-15-oxoergosta- 
8(14) : 22-dien-38-yl acetate (90 mg.) in methanol (15 ml.) and concentrated aqueous hydro- 
chloric acid (1 ml.) was heated under reflux for 8 hr. (no further change in the ultra-violet 
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absorption spectrum). The product was reacetylated and chromatographed, to give 15-oxo- 
ergosta-6 : 8(14) : 22-trien-38-yl acetate, plates (from methanol), m. p. 198—199°, [a]) —35° 
(c, 1:5), Amax, 297 mp (e 20,400) (Found: C, 79-1; H, 9-7. C39H,,O3 requires C, 79-6; H, 
9-8%). 

Chromic Acid Oxidation of Evgosta-7 : 14: 22-trien-38-yl Acetate—(a) With 4-4 equivs. of 
oxidant. To ergosta-7 : 14: 22-trien-38-yl acetate (5 g.) in ‘‘ AnalaR ”’ acetic acid (250 ml.) and 
‘* AnalaR ’’ benzene (250 ml.) at 0° chromium trioxide (2 g.) in ‘‘ AnalaR ”’ acetic acid (120 ml.) 
containing a little water was added with good stirring during 30 min. The solution was left at 0° 
overnight. Working up in the usual way, chromatography of the product over alumina 
(elution with 4:1 benzene-ether) and recrystallisation from light petroleum (b. p. 60—80°) 
afforded 7«-hydroxy-15-oxoergosta-8(14) : 22-dien-38-yl acetate (750 mg.), identified by m. p., 
mixed m. p., rotation {{«], + 4° (c, 1-4)}, and absorption spectrum [Amax, 252 mu (¢ 12,800)]. 

(b) With 10 equivs. of oxidant. Toergosta-7 : 14: 22-trien-38-yl acetate (10 g.). in “‘ AnalaR ”’ 
acetic acid (150 ml.) and ‘‘ AnalaR’”’ benzene (250 ml.) at 0° chromium trioxide (7-5 g.) in 
‘‘ AnalaR”’ acetic acid (100 ml.) containing a little water was added with good stirring during 
2hr. The solution was left at 0° overnight. Working up in the usual way and crystallisation 
from methanol and then from light petroleum (b. p. 60—-80°) gave 7 : 15-diovoergosta-8(14) : 22- 
dien-38-yl acetate (VI; R = Ac) (1-45 g.) as long needles m. p. 180—181°, [a], +36° (c, 2-3), 
Amax, 259 my (e 11,300) (Found: C, 76-9; H, 9-3. Cg9H,,O, requires C, 76-9; H, 9-45%). 
Chromatography of the mother-liquors afforded a further 0-75 g. of the diketone as well as 
7«-hydroxy-15-oxoergosta-8(14) : 22-dien-38-yl acetate (0-39 g.), identified by m. p., mixed 
m. p., rotation, and absorption spectrum. 

7 : 15-Dioxoergosta-8(14) : 22-dien-38-yl acetate was also obtained by chromic acid oxidation 
(3-0 equivs.) of 7a-hydroxy-15-oxoergosta-8(14) : 22-dien-38-yl acetate and of 15§-hydroxy-7- 
oxoergosta-8(14) : 22-dien-38-yl acetate. In each case it was identified by m. p., mixed m. p., 
and absorption spectrum. 

In order to confirm the 8(14)-ene-7 : 15-dione structure a quantitative zinc dust reduction 
was carried out. 7: 15-Dioxoergosta-8(14) : 22-dien-38-yl acetate (100 mg.) in ‘‘ AnalaR’”’ 
acetic acid (10 ml.) was stirred with zinc dust (1 g.) at room temperature. The ultra-violet 
absorption maximum at 259 my was determined from time to time on an aliquot portion. 
The following results were obtained (¢, in hr.): ¢ = }, ¢ 2900; ¢ = 2, ¢ 1800; ¢ = 4, e« 1000; 
t= 5, e¢ 800. Under the same (quantitative) conditions 15-oxoergosta-8(14) : 22-dien-38-yl 
acetate was unaffected at room temperature and under reflux. 

7 : 15-Dioxoergosta-8(14) : 22-dien-38-yl acetate (150 mg.) was treated with hydrazine as 
directed by Stavely and Bollenback (J. Amer. Chem. Soc., 1943, 65, 1285). The resulting 
pyvidazine, recrystallised from light petroleum (b. p. 60—80°) as needles, had m. p. 250° (with 
charring), Amax, 261 my (ce 2100) (Found: C, 77°65; H, 9:7; N, 6:1. C3 9H O,N, requires C, 
77°55; H, 9-55; N, 6-05%). 

Action of Perphthalic Acid on Ergosta-7 : 14 : 22-trien-38-yl Acetate.—(i) Conversion into 15- 
oxoergosta-7 : 22-dien-38-yl acetate. Ergosta-7 : 14: 22-trien-38-yl acetate (4-4 g.) in anhydrous 
ether (120 ml.) was treated at 0° with perphthalic acid (2 mols.) in anhydrous ether (80 ml.). 
After 54 hr. (consumption of 1-1 mols. of per-acid) the solution was washed with 2% aqueous 
sodium hydroxide and then with water. Evaporation of the ethereal solution in vacuo furnished 
a gum. This was dried azeotropically with benzene, dissolved in dry benzene (150 ml.), and 
treated with freshly distilled boron trifluoride-ether complex (3 ml.) overnight at room 
temperature. Working up in the usual way and chromatography over alumina [elution with 
3:1 light petroleum (b. p. 40—60°)—benzene]| afforded 15-oxoergosta-7 : 22-dien-38-yl acetate 
(XIX; R= Ac) (400 mg.). Recrystallised from light petroleum this had m. p. 148—149°, 
[a] —39° (c, 2-7), Amax, 293 my (e 75) (Found: C, 78-7; H, 10-0. Cj,H,.O; requires C, 79-25; 
H, 10-2%). When the reaction was repeated, but the benzene solution was left for 2 days, 
15-oxoergosta-8(14) : 22-dien-38-yl acetate (20 mg. from 300 mg. of triene) was obtained. 

15-Oxoergosta-7 : 22-dien-36-yl acetate (500 mg.) in ethanol (28 ml.) containing concentrated 
aqueous hydrochloric acid (2 ml.) was left at room temperature. A maximum at 258 mu due 
to the conjugated ketone developed. When this had reached a maximum (3 days) the mixture 
was worked up and the product reacetylated. Recrystallisation from light petroleum (b. p. 
60—80°) furnished 15-oxoergosta-8(14) : 22-dien-36-yl acetate (270 mg.), identified by m. p., 
mixed m. p., rotation {[x], + 66° (c, 2-0)}, and absorption spectrum [Amax, 258 my (¢ 15,600)]. 

(ii) Isolation of the hydrogen phthalate and related transformations. Ergosta-7 : 14: 22-trien- 
38-yl acetate (26-4 g.) in anhydrous ether (720 ml.) was treated at 0° with perphthalic acid 
(2 mols.) as above. The ethereal solution was washed with 2% aqueous sodium hydroxide. 
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The resulting ethereal solution was then shaken with saturated ammonium sulphate solution 
(500 ml.), whereupon a copious white precipitate of ergosta-8(14) : 22-diene-38 : 7 : 15&-triol 
3-acetate 15-(sodium phthalate) separated. This was washed with anhydrous ether and with 
water and dried (23-3 g.). The residual ethereal layer was washed with water and evaporated 
in vacuo, to give a gum (15-6 g.). The sodium salt and the gum were treated separately as 
indicated below. 

The sodium salt (22 g.) was heated under reflux in methanol (2-2 1.) and concentrated aqueous 
hydrochloric acid (44 ml.) until there was no further increase in the maximum at 260 my (1 hr.). 
Working up in the usual way, reacetylation of the product, and crystallisation from light 
petroleum (b. p. 60—80°) gave 15-oxoergosta-8(14) : 22-dien-38-yl acetate (9-5 g.), identified 
by m. p., mixed m. p., and rotation {[a], +68° (c, 2-2)}. 

The gum (15 g.) in methanol (200 ml.) with addition of concentrated aqueous hydrochloric 
acid (10 ml.) was heated under reflux for 1 hr. Working up and reacetylation as above gave 
15-oxoergosta-8(14) : 22-dien-38-yl acetate (4-0 g.), identified by m. p., mixed m. p., and rotation 
{[a]p +68° (c, 2-0)}. A further 4-3 g. of slightly less pure ketone was isolated from combined 
mother-liquors. 

The sodium salt (500 mg.) in aqueous ethanol was acidified with dilute hydrochloric acid. 
Crystallisation of the product from aqueous methanol afforded the corresponding acid as needles 
of indefinite m. p. [softens at 110°, m. p. (decomp.) at about 120°, resolidification at about 140°, 
m. p. (decomp. and charring) at 190°], [«],, —91° (c, 3-4), Amax, 275 my (e 1400) [cf. phthalic acid, 
Amax, 275 my (¢ 1200)] (Found, on material dried in vacuo at room temperature : C, 71-9; H, 8-5. 
C33H;,0;,CH,°OH requires C, 71-75; H, 8-65%). 

The sodium salt (540 mg.) in ‘‘ AnalaR’”’ acetic acid (15 ml.) was treated with chromium 
trioxide (150 mg.) in acetic acid (15 ml.) containing a little water and left overnight at room 
temperature. After being worked up in the usual way, the resulting gum in “‘ AnalaR ’’ acetic 
acid (20 ml.) was refluxed with zinc dust (1-0 g.) for 1 hr. The product, recrystallised from light 
petroleum (b. p. 60—80°), furnished 15-oxoergosta-8(14) : 22-dien-38-yl acetate (150 mg.), 
identified by m. p., mixed m. p., rotation {[a], + 68° (c, 3-4)}, and absorption spectrum [Amax. 
259 my (e 15,400)]. 

Ergosta-6 : 8(14) : 15 : 22-tetvaen-38-yl Acetate (XXII; R = Ac).—The hydrogen phthalate 
(see above) (200 mg.) was heated i vacuo for 1 hr. at 90°. The resulting clear yellow melt was 
dissolved in ether and washed with dilute sodium hydroxide solution and water. After removal 
of the ether im vacuo and filtration in benzene solution through alumina, the product was 
crystallised (needles) from methanol, to give ergosta-6: 8(14) : 15: 22-tetraen-38-yl acetate, 
m. p. 159—165°, [a], —104° (c, 1-2), Amax, 231 and 282 my (e 16,100 and 8500 respectively) 
(Found: C, 82-3, 82-9; H, 10-1, 10-2. Cz ,H,,O, requires C, 82-5; H, 10-15%). The tetraene 
(21 mg.) in dry benzene (2 ml.) containing redistilled maleic anhydride (13 mg.) was refluxed 
for 4 hr. Working up gave unchanged tetraene, identified by m. p., mixed m. p., absorption 
spectrum, and rotation. 

7: 15-Dioxo-88 : 14«- and -8« : 148-ergost-22-en-38-yl A cetate.—7 : 15-Dioxoergosta-8(14) : 22- 
dien-38-yl acetate (see above) (1:36 g.) in ‘‘ AnalaR’’ acetic acid (75 ml.) was heated under 
reflux with portionwise addition of zinc dust (5 g.) during 45 min. Crystallisation of the product 
as plates from methanol afforded 7 : 15-dioxvo-8( ?a) : 14( ?8)-ergost-22-en-38-yl acetate (XVIII; 
R = Ac) (210 mg.), m. p. 243°, [a], —27° (c, 2:3) (Found: C, 76-7; H, 9-9. C3 9H,,O, requires 
C, 76:55; H, 9:85%). Chromatography (40 fractions) of the product from the mother-liquors 
of these crystallisations over alumina (elution with 1:1 carbon tetrachloride—benzene) gave 
7: 15-dioxo-88 : 14a-ergost-22-en-38-yl acetate (XVII; R = Ac), as needles from light petroleum 
(b. p. 40—60°), m. p. 126—127°, [a], —65° (c, 2-1) (Found: C, 76-1; H, 9-65%). Both di- 
ketones (50 mg.) were refluxed with 5% methanolic potassium hydroxide for 1 hr., reacetylated, 
and chromatographed over alumina. The lower-melting diketone was recovered unchanged 
(m. p. and mixed m. p.) but the higher-melting diketone was isomerised to the lower-melting 
isomer, identified by m. p., mixed m. p., and rotation {{«], —65° (c, 1-7)}. Both diketones 
(5 mg.) in ethanol (5 ml.) were refluxed with a large excess (50 mg.) of selenium dioxide for 
30 min. There was no deposition of selenium and the products showed no selective absorption 
above 220 mu (¢ < 500). 

Both 7: 15-diketones (120 mg.) were separately hydrogenated in ethyl acetate (15 ml.) in 
presence of 5% palladised calcium carbonate during 30 min. After removal of the catalyst and 
solvent the separate reaction products were dissolved in ‘“‘ AnalaR’”’ acetic acid (30 ml.) and 
reduced under reflux (1 hr.) by addition of amalgamated zine (5 g.) and concentrated hydrochloric 
acid (4 ml.). Working up in the usual way afforded in both cases ergostan-38-yl acetate, 
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identified by m. p., mixed m. p., and rotation. The identities were confirmed by hydrolysis to 
ergostanol (m. p. and mixed m. p.) and by benzoylation of the latter (m. p. and mixed m. p. with 
authentic benzoate). 

38-Hydroxyergost-22-en-15-one and its Derivatives—To metallic lithium (450 mg.) in 
anhydrous liquid ammonia (150 ml.) at —80°, there was added with vigorous stirring 15-oxo- 
ergosta-8(14) : 22-dien-38-yl acetate (1-0 g.) in dry ether (200 ml.) during 10 min. After a 
further 10 min.’ stirring, the excess of lithium was destroyed by the addition of a little ¢ert.- 
butanol in ether. Working up in the usual way and repeated recrystallisation of the product 
from methanol afforded 38-hydroxyergost-22-en-15-one as plates, m. p. 180—181°, [a], +11° 
(c, 3-1) (Found: C, 81-3; H, 11-6. C,,H,,O, requires C, 81-1; H,11-2%). This with pyridine— 
acetic anhydride overnight at room temperature afforded the corresponding acetate, m. p. 176— 
177° (from methanol), [a]p +3° (c, 1-6) (Found: C, 78-8; H, 10-6. C3 9H,,0, requires C, 78-9; 
H, 10-6%). The homogeneity of the acetate was confirmed by chromatography. Alkaline 
hydrolysis with 10% (w/v) methanolic potassium hydroxide and with 20% (w/v) ethanolic 
potassium hydroxide, both under reflux for 1 hr., gave back 38-hydroxyergost-22-en-15-one with 
physical constants (m. p., mixed m. p., and rotation) as recorded above. 

Treatment of 38-hydroxyergost-22-en-15-one with pyridine—benzoyl chloride furnished the 
benzoate, long needles (from chloroform—methanol), m. p. 194—195°, [«], -+-11° (c, 2-7) (Found : 
C, 81-3; H, 9-7. C3;H; 903 requires C, 81-05; H, 9-7%). 

38-Hydroxyergostan-15-one and its Derivatives—Hydrogenation of 15-oxoergost-22-en-38-yl 
acetate in ethyl acetate for 2 hr. (5% palladised calcium carbonate) afforded 15-ovoergostan-38- 
yl acetate, needles [from light petroleum (b. p. 60—80°], m. p. 173—174°, [a], +29° (c, 2-0) 
(Found: C, 78-3; H, 10-7. C39H; 90, requires, C, 78-55; H, 11-0%). The same compound was 
obtained by catalytic hydrogenation of the unsaturated 15-oxo-acetate over platinum in acetic 
acid overnight, followed by treatment with a little chromic acid (to convert any 15-hydroxy- 
compound into 15-ketone). 

Alkaline hydrolysis of the saturated acetate furnished 38-hydvoxyergostan-15-one. Re- 
crystallised from methanol and then from light petroleum (b. p. 60—80°), this had m. p. 189— 
190°, [x], +39° (c, 2-3) (Found: C, 80-85; H, 12-0. C,,H,,0, requires C, 80-7; H, 11-6%). 
Treatment with pyridine—benzoyl chloride afforded the benzoate, needles [from light petroleum 
(b. p. 60—80°)], m. p. 173°, [a]) +34° (c, 1-9) (Found: C, 81:2; H, 10-25. C,;H;,0, requires 
C, 80-7; H, 10-05%). 

38-Hydroxycholestan-15-one and its Derivatives [with C. S. BaRNEs].—Commerical 7-dehydro- 
cholesterol (Messrs. Glaxo Laboratories Ltd.) (10 g.) was acetylated and the acetate (8-5 g.) 
treated with hydrogen chloride in chloroform in the usual way (cf. Barton and Brooks, loc. cit.). 
Crystallisation from chloroform—methanol gave a fraction (3 g.), enriched in cholesta-7 : 14- 
dien-38-yl acetate, of m. p. 77—79°, [«]p*—126° (c, 1-86), Amax, 244 my (¢ 11,500). This fraction 
was treated with perphthalic acid and the resulting (whole) product was digested with methanolic 
hydrochloric acid as in the preparation of 38-hydroxyergosta-8(14) : 22-dien-15-one (see above). 
The crude «$-unsaturated ketone was acetylated and then chromatographed over alumina 
(15 fractions). Elution with benzene-—light petroleum (b. p. 40—60°) (1:6 to 2: 3) gave 15- 
oxocholest-8(14)-en-38-yl acetate (600 mg.), m. p. 134—135° (from chloroform—methanol), 
[a]p +116° (c, 1-18), Amax, 260 my (ce 14,500). The physical constants are in excellent agreement 
with those given by Wintersteiner and Moore (J. Amer. Chem. Soc., 1943, 65, 1513). 

15-Oxocholest-8(14)-en-38-yl acetate (500 mg.) in anhydrous ether (50 ml.) was added with 
stirring to a solution of lithium (250 mg.) in liquid ammonia (100 ml.)._ The mixture was stirred 
for 5 min. and then ¢ert.-butanol (20 ml.) was added and the solution stirred until decoloris- 
ation was complete. Crystallisation of the product from methanol gave 38-hydroxycholestan- 
15-one, m. p. (slow heating) 174—175°, [a], + 47° (c, 0-87) (Found: C, 80-35; H, 11:2. 
C,,H,,O, requires C, 80-55; H, 11-5%). Acetylation afforded the acetate, m. p. 141—143° 
(from methanol), [a], +38° (c, 0-90) (Found: C, 78-0; H, 11-2. C,,H,,O, requires C, 78-3; 
H, 10-9%), and benzoylation gave the benzoate, m. p. 148—149° (from methanol), [«], +40° 
(c, 0-86) (Found: C, 80-5; H, 10-4. C,H; 90, requires C, 80-6; H, 9-95%). The 2: 4-di- 
nitrophenylhydrazone, prepared in the usual way, had m. p. 214—216° (from methanol; slow 
heating) (Found: N, 9-6. C,,;H;,0;N, requires N, 9-6%). 

On one occasion reduction of 15-oxocholest-8(14)-en-36-yl acetate (2 g.) as described above 
gave a gelatinous product. Acetylation and crystallisation from chloroform—methanol afforded 
the highly crystalline 38 : 15( ?«)-diacetoxycholestane (900 mg.), m. p. 145—147°, [a], +50° 
(c, 1:99) (Found: C, 76-05; H, 10-75. C;,H;,0, requires C, 76-2; H, 10-7%). Alkaline 
hydrolysis and benzoylation afforded the corresponding dibenzoate, m. p. 191—192° (from 
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chloroform—methanol), [a], --75° (c, 1-16), Amax. 230, 273, and 280 my (e 30,000, 1800, and 
1500 respectively) (Found: C,-80-7; H, 9-25. C,,H;,O, requires C, 80-35; H, 9-2%). 

Wolff—Kishner Reduction of 15-Ox0-compounds.—38-Hydroxyergost-22-en-15-one (see above) 
(70 mg.) in absolute ethanol (1 ml.) was added to a solution of sodium (100 mg.) in absolute 
ethanol (2 ml.) and hydrazine hydrate (99%; 1 ml.) and heated in a sealed tube at 180° over- 
night. Crystallisation of the product from methanol gave ergost-22-en-38-ol, m. p. 152°, 
[~]) —10° (c, 1-9), undepressed in m. p. on admixture with an authentic specimen (Barton, Cox, 
and Holness, J., 1949, 1771) of the same m. p. and rotation. The identity was confirmed by 
conversion into the benzoate, m. p. 143—144° (from chloroform—methanol), [«], —5° (¢, 2-3), 
undepressed in m. p. on admixture with an authentic specimen of corresponding m. p. and 
rotation (Barton, Cox, and Holness, Joc. cit.). 

38-Hydroxyergostan-15-one (50 mg.) was subjected to Wolff—-Kishner reduction as above. 
Crystallisation of the product from chloroform—methanol gave ergostan-3§-ol, identified by 
m. p. mixed m. p., and rotation {[a]) + 15° (c, 1-7)}. 

[With C. S. Barnes.] 36-Hydroxycholestan-15-one (100 mg.) was subjected to Wolff- 
Kishner reduction as above. Crystallisation of the product from methanol afforded cholestan- 
38-ol, identified by m. p., mixed m. p., and rotation {[a]) +24° (c, 1-43)}. Acetylation gave 
cholestan-38-yl acetate, likewise identified by m. p., mixed m. p., and rotation {[a]p +13° 
(c, 2-02)}. 
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Exchange Reactions and Magnetic Susceptibilities of Complex Salts. 
Part I. Some Complex Salts of Ferric Iron. 


By H. C. Crark, N. F. Curtis, and A. L. ODELL. 
[Reprint Order No. 4279.] 


The following magnetic moments (Bohr magnetons) have been found for 
the potassium salts: ferrioxalate (+ 2H,O) 5-88, (anhyd.) 5-92, ferrimalonate 
(+H,O) 5-87, and ferricyanide 2-50. Molecular field constants are zero, 
except for the ferricyanide for which it is —43°. The oxalate and malonate 
salts showed rapid exchange with “C-labelled ligand ions. The ferricyanide 
showed exchange only at high acidities. 


THE significance of magnetic susceptibility as a criterion of the nature of metal-ligand 
bonds in complex salts has often been discussed (e.g., Pauling, “‘ Nature of the Chemical 
Bond,” Cornell Univ. Press, 1945, p. 37; J., 1948, 1461). The sharply alternative modes 
of spin coupling which lead to high and low values for the susceptibility with the exclusion 
of intermediate values are of particular interest (Pauling, of. cit., p. 117). In general, 
experiments with labelled ligand ions showed instantaneous exchange for “ ionic ”’ (highly 
paramagnetic) complex salts and very little for “‘ covalent ” complex salts (salts showing 
diamagnetism or small paramagnetism; Long, J. Amer. Chem. Soc., 1941, 63, 1353; 
Adamson, Welker, and Wright, zbid., 1951, 73, 4786). In the present work the magnetic 
susceptibilities of potassium ferrioxalate and ferrimalonate are compared with their 
exchange reactions with labelled ligand ions; higher members of the series were too un- 
stable in solution for such work. Potassium ferricyanide was included as an example of a 
“ covalent ’’ complex salt. 
EXPERIMENTAL 

Magnetic susceptibilities were determined on a Gouy-type magnetic balance, the current 
through the electromagnet being regulated within 0-002%. (The regulator will be described 
elsewhere.) 
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Susceptibility measurements were made at 297-48°, 198-0°, and 90-1°k, with water in a 
thermostat, solid carbon dioxide—acetone, and liquid oxygen respectively. 

Calibration was effected with solutions of nickel chloride (Nettleton and Sugden, Proc. 
Roy. Soc., 1939, A, 178, 313) and copper sulphate (de Haas and Gorter, Proc. Acad. Sci., 
Amsterdam, 1930, 38, 1101) at 297-48° k, and powdered ferrous ammonium sulphate and copper 
sulphate pentahydrate at 198-0° and 90-1° k. 

At each temperature agreement within 0:3% between the standards was obtained. 
Corrections for diamagnetism were made, Pascal’s constants being used. 

Tracer experiments were performed with “C-labelled ligands prepared from materials 
supplied by A.E.R.E., Harwell. Activity determinations were made on infinitely thick samples 
(prepared by filtration on to filter paper in a stainless-steel Buchner-type funnel), with an 
end-window G.M. counter mounted within a lead castle. All activities were counted for 
sufficient time to bring the probable error below 2%; the background count of about 15 counts 
per minute was determined at the time of each counting and was subtracted. 

Potassium Ferrioxalate-—The green potassium ferrioxalate was precipitated by the addition 
of ethyl alcohol to a mixture of concentrated aqueous solutions of ferric chloride and potassium 
oxalate, and then recrystallised from aqueous alcohol. Although the reported photochemical 
decomposition was too slow to affect any of the results, the compound was stored in the dark. 
The green crystals were dried in a desiccator and then at 110° for 3 hr. [loss in wt., 8-0. Calc. 
for K,Fe(C,O,)3,2H,O : H,O, 7-6%]. 

The anhydrous material was analysed for iron and oxalate, by titration with standard 
permanganate, followed by reduction with amalgamated zinc in a Jones reductor and titration 
again with permanganate [Found: Fe, 12-7; C,O,, 60-3. Calc. for K,Fe(C,O,),: Fe, 12-8; 
C,0,, 60-4%]. 

The magnetic-susceptibility values (c.g.s. units x 10®/g.) are tabulated. 


Temp. (kK) xz. Anhyd. xz. Hydrated xM xm (corr.) 10*/ xa corr. 
297-48 32-70 + 0-03 29-68 -- 0-05 14,130 14,363 0-6964 
198-0 48-34 + 0-06 44-91 + 0-14 21,485 21,718 0-4603 

90-1 105-68 -- 0-13 98-02 + 0-24 46,860 47,093 0-2124 


A plot of 1/y,, corr, against T gave a straight line through the origin, 7.e., the molecular 
field constant (A) is 0, and hence the magnetic moment is 5-88 Bohr magnetons (cf. Jackson, 
Proc. Roy. Soc., 1933, A, 140, 695), this being within 1% of the moment (5-92 B.M.) expected for 
5 unpaired spins if orbital contributions are neglected. 

Exchange experiments. Sodium [4C]loxalate was prepared by heating sodium [“C]formate. An 
aqueous solution was prepared containing 0-050 mole/l. of active sodium oxalate and 0-070 mole/I. 
of potassium ferrioxalate, which were then separated by addition of a slight excess of barium 
nitrate solution; this precipitated the ‘“‘ free ’’ oxalate, leaving the ‘‘ complexed ”’ oxalate in 
solution. The precipitate was filtered off, providing counting samples (a). Silver nitrate 
solution was added to the filtrate which was then boiled, causing a slow and incomplete 
precipitation of the ‘‘ complexed ’’ oxalate as silver oxalate (samples 6). The activities 
expected if no exchange had occurred were determined as follows. The oxalate from an aliquot 
sample of sodium oxalate solution was precipitated as barium oxalate [counting samples (c)|. 
An aliquot sample of the solution of potassium ferrioxalate was then added to the filtrate, and a 
silver oxalate sample (d) prepared from the resultant solution as before. Any activity in this 
sample was attributed to the presence of traces of active sodium oxalate in the filtrate, or to 
unconverted formate. For complete exchange the activity of the ‘‘ free ’’ oxalate should have 
Activity (counts/min.) of : 


Exchange time e ee 
(hr.) Ba oxalate (a) Ag oxalate (b) Samples (c) Samples (d) 
188, 180 152, — 424 j 
181 137 404 
169 124 385 
— 172 Mean 405 
Mean 180 Mean 142 
Corrected mean : 142 — 12 = 130. 


been reduced in the ratio of the concentrations of the constituents of the solution, 7.e., 5: (5 + 7). 
Therefore, the expected number of counts per minute for equilibrium = 405 x 5/12 = 170. 
The observed value was 180. Expressing the values as relative activites per mole of oxalate we 
have: ‘‘complexed’”’ oxalate 130 counts/g./min. = 400 counts/equiv./min.; and ‘“‘ free ”’ 
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oxalate 180 counts/g./min. = 405 counts/equiv./min. J.¢., exchange proceeds to equilibrium 
in the few seconds necessary for the separation. 

Potassium Ferrimalonate.—Concentrated aqueous solutions of ferric chloride (1 mol.), 
potassium hydroxide (6 mols.), and malonic acid (3 mols.) were mixed at 50°. The resulting 
solution deposited a green oil which crystallised rapidly. The crystals were fairly soluble in 
water, but the aqueous solution was not very stable, becoming brown in 1—2 hr. in the cold. 
The salts was analysed by a modification of Durand’s permanganate method (Ann. Chim. analyt., 
1903, 8, 330), addition of excess of 0-1N-permanganate, storage for 1} hr. at 70°, and back- 
titration with standard potassium tetroxalate, and iron was determined as for potassium ferri- 
oxalate (Found: Fe, 11-2; malonate, 61-3. Calc. for C;H,O,FeK,;,H,O: Fe, 11-2; malonate, 
61-5%). The fact that both values are slightly low 1s ascribed to a trace of water in the salt 
since the iron : malonate ratio is 1 : 3-001. 

The magnetic-susceptibility values (c.g.s. units  10*/g.) are tabulated. 


Temp. (kK) Xe. XM. xm. (corr.) 104 / ya. corr, 
297-5° 28-42 14,120 14,340 0-6975 
198-0 43-18 21,455 21,675 0-4602 
90-1 91-60 45,510 45,760 0-2185 

A plot of 1/xy5, corr, against T gives a straight line through the origin, 7.e., A = 0, and hence 
the magnetic moment is 5-87 B.M. 

Exchange experiments. Potassium [«-“C]malonate was prepared by refluxing ethyl malonate 
with an excess of aqueous potassium hydroxide and final neutralisation with malonic acid. An 
aqueous solution was prepared containing 0-11 mole/l. of active potassium malonate and 
0-14 mole/l. of potassium ferrimalonate. Separation was effected by addition of barium chloride 
solution immediately after mixing; the ‘‘free’’ malonate was precipitated slowly, during 
0-5 hr. The precipitate was filtered off and its activity determined : 

Ba malonate activities (counts/min.). Without complex salt: 1167, 1132, 1261; mean, 
1187. With complex salt: 701, 734, 731; mean, 722. 

The count expected for equilibrium distribution of active malonate is 1187 x 11/25 = 522: 
that observed was 722. So considerable exchange was observed. The high observed activity 
of the barium malonate samples was attributed to decomposition of the complex salt by barium 
ions (barium ions caused visible precipitation from solutions of the complex salt within 0-5 hr., 
but the exchange solution had to be kept to ensure precipitation of sufficient barium malonate). 

Potassium Ferricyanide.—‘‘ AnalaR’’ potassium ferricyanide was used. Susceptibility 
determinations (units as before are tabulated). 


Temp. (K) . . XM. (corr.) 104/ym. corr. 
297-48° , me 2 oe ¢ 228 2414-8 4-150 
198-0 98 0: 3275 3402-8 2-939 

98-1 “f > 5990 6117-8 1-634 

A plot of 1/yy. corr, against T gave a straight line with an intercept on the temperature 
axis at —43°x. So the magnetic moment is 2:50 B.M. These results differ from those of 
[shiwara (Sc. Rep. Téhoku Univ., 1914, 3, 303) and Welo (Phil. Mag., 1928, 6, 481), who 
obtained a non-linear relation. 

Exchange experiments. An aqueous solution was prepared containing 0-282 mole/l. of 
potassium [“C]cyanide and 0-113 mole/l. of potassium ferricyanide. Separation was achieved 
by two procedures: (i) addition of ethyl alcohol to precipitate potassium ferricyanide and 
(ii) addition of cadmium nitrate to precipitate cadmium ferricyanide. ‘‘ Free’’ cyanide 
was precipitated in both cases by addition of silver nitrate. The activities of different 
samples of silver cyanide differed slightly owing to the friable nature of the precipitate which 
curled on being dried, but all activities were within 3% of 2000 counts/min., including those for 
samples which had not been mixed with ferricyanide. The low activity observed in the ferri- 
cyanide samples remained constant, though the mixed solutions were kept for periods varying 
from a few seconds to 64 hr. The activity observed for the potassium ferricyanide sample was 
17 counts/min., attributed to the presence of “K. The activity observed in the case of the 
cadmium ferricyanide samples range from 14 to about 21 counts/min. The precipitate was 
very fine (almost gelatinous) and difficult to wash, and the observed activity was attributed to 
contamination by “ free’’ cyanide. The experiment was conducted at the normal pH (9-5). 
At higher acidities a very slow apparent exchange was observed but the gradual appearance of a 
blue colour indicated side reactions. These results are in agreement with those of Adamson, 
Welker, and Volpe (J. Amer. Chem. Soc., 1950, 72, 4030). 

D 
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The foregoing experiments showed that potassium ferrioxalate and ferrimalonate had 
moments corresponding to 5 unpaired spins and that both showed exchange with labelled 
ligand groups; also that potassium ferricyanide had a moment corresponding to one 
unpaired spin and showed negligible exchange. 


The authors are indebted to Professor F. J. Llewellyn for his continued interest and to 
the Research Grants Committee of the University of New Zealand for a grant. 
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Chemical Actions of Ionising Radiations in Solution. Part XII.* 
The Action of X-Rays on Some Steroids in Organic Solvents. 


By Bryan CoLeBy, MAx KELLER, and JOSEPH WEISS. 
[Reprint Order No. 4535.] 


When irradiated by X-rays, cholestane, cholest-2-ene, cholest-5-ene, and 
cholestan-3-one suffer little change. Cholesterol in methanol gives 
38-hydroxycholest-5-en-7-one, cholest-5-ene-38 : 78-diol and _ cholestane- 
38 : 5a: 68-triol; in acetone and dioxan cholesterol «- and $-oxide (5a : 6a- 
epoxycholestan-38-ol and 58 : 68-epoxycoprostan-38-ol) and cholest-5-ene- 
38: 78-diol are formed. Cholesteryl acetate in acetic anhydride gives 
cholesteryl acetate «- and 8-oxide. A mixture of cholesteryl acetate a- and 
B-oxide in aqueous acetic acid gives 36-acetoxycholestane-5« : 68-diol. Of 
cholesteryl benzoate «- and $-oxide in methanol, acetone, or dioxan, only the 
a-form is attacked to give 3f-benzoyloxy-cholestane-5a : 66-diol; in 
methanol some of the a-form is converted into the B-oxide. Cholest-4-en-3- 
one in methanol gives 68-hydroxycholest-4-en-3-one. Hydroxylation in. the 
6-position presumably also occurs when progesterone is irradiated in 
methanol, but only the isomerisation product, allopregnane-3 : 6 : 20-trione, 
could be isolated in a pure condition. Cortisone acetate, when irradiated in 
methanol or aqueous acetic acid, undergoes some hydrolysis in addition to 
chemical change. 


EARLIER papers of this series (Keller and Weiss, J., 1950, 2709; 1951, 25, 1247) reported 
the effect of X-radiation on solutions of some steroids in water, dilute alkali, and aqueous 
acetic acid. Because of the general insolubility of most steroids in aqueous solvents it was 
necessary, in the case of cholesterol, for example, to use the succinyl half-ester in order to 
effect solution. Before the products could be separated chromatographically this ester 
group had to be removed by hydrolysis, and operations of this kind might make it difficult 
to isolate any relatively labile products. It was therefore decided to study the use of 
organic solvents in which the steroid itself was soluble. An additional justification for 
this step was the earlier observation that, in some cases, irradiation in glacial acetic acid 
and in aqueous solution gave essentially very similar products; also, use of organic solvents 
led to cleaner products and we were often able to account for 95—100% of the starting 
material. Further, yields from acetone solutions were comparatively high. 

In these experiments, in particular as in some of our earlier ones, our main concern has 
been to isolate and characterise the products, and to this end we have employed large 
doses of X-rays (205kv; 15ma; 15 hr.). The solvents used were methanol, acetone, 
dioxan, acetic acid, and acetic anhydride. Little is known about the primary processes 
occurring during irradiation of these solvents with high-energy radiations. Prevost- 
Bernas, Chapiro, Cousin, Landler, and Magat (Discuss. Faraday Soc., 1952, 12, 98) 
attempted to use the stable free radical, diphenylpicrylhydrazyl, to obtain information 
about the free radicals formed during irradiation: it was possible, to some extent, to 
“count ’’ the number of free radicals by this method, but, to date, there has been no 
indication of their identity. In methanol it is probable that hydroxyl radicals can be 

* Part XI, J., 1953, 3091. 
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formed according to the process, CH,,OH —~~» CH, -+- OH; we have not observed any 
effects so far to indicate that the alternative reaction, CH,OH —~~» CH,O + H, occurs, 
although such a process is by no means excluded. For the other solvents interpretation of 
the primary processes is less easy and no attempt at this is made here. 

To gain some idea of the mode of attack on the steroid molecule, we irradiated solutions 
of cholestane and of some steroids possessing only one simple functional group. After 
long irradiation of cholestane, cholest-2- and -5-ene, or cholestan-3-one in methanol, 92— 
98% of the starting material was recovered, the other products being unidentified oils 
and, in two cases, minute quantities of unidentified crystals. Thus, the steroid skeleton 
is fairly stable under our conditions. However, when two functional groups are present, 
the attack becomes more significant, but only at positions which are known to be sensitive 
to ordinary chemical reagents. Previous work has shown that Fenton’s reagent (Clemo, 
Keller, and Weiss, J., 1950, 3470) and X-irradiation of aqueous solutions of cholesterol 
derivatives (Keller and Weiss, J., 1950, 2709) give 7-oxocholesterol and cholestane- 
38 : 5a : 68-triol. In methanol, the same products were isolated, together with 76- 
hydroxycholesterol. Isolation of the diol provides some evidence for the mechanism 
previously suggested (J., 1950, 2709) for the formation of 7-oxocholesterol. The 
7-hydroxy-compound was also isolated after irradiation of cholesterol in acetone and 
dioxan, where the formation of cholesterol «- and $-oxide was observed but not that of the 
7-ketone or the trans-triol. The ¢rans-triol might have been formed via the «- and $-oxide : 
this reaction could occur since the trans-triol was obtained when the «-oxide was irradiated 
in methanol, acetone, dioxan, or aqueous acetic acid, but it is so slow that the epoxide 
cannot be the main intermediate in the formation of the ¢rans-triol in methanol and 
aqueous acetic acid. The mechanism previously suggested (J., 1950, 2709) is more probable. 

Methanol was chosen as a solvent for our work with cholest-4-en-3-one, progesterone, 
and cortisone acetate, because in this solvent some similarity to irradiation of aqueous 
solutions has been noted. From cholest-4-en-3-one small amounts of 68-hydroxycholest- 
4-en-3-one were isolated, together with unidentified oils (cf. Weiss, Ciba Foundn. Coll. 
Endocrin., 1953, 7, 142). This 6-hydroxy-compound is easily transformed into cholestane- 
3: 6-dione which has been isolated from pigs’ testes (Prelog, Tagmann, Lieberman, and 
Ruzicka, Helv. Chim. Acta, 1947, 30, 1080). Progesterone did not give the 6-hydroxy- 
compound, but the isomerisation product, a/lopregnane-3 : 6 : 20-trione, was characterised. 
Hydroxylation in the 6-position is known to occur biologically (Eppstein, Meister, Peterson, 
Murray, Leigh, Lyttle, Reineke, and Weintrub, J. Amer. Chem. Soc., 1953, 75, 408). 
Cortisone acetate was less affected by irradiation in methanol or acetic acid, only the 
starting material (87-92%) and some oil being isolated. The position of this oil on the 
chromatographic column and its behaviour in the sulphuric acid chromogen test (Zaffaroni, 
J. Amer. Chem. Soc., 1950, 72, 3828) indicated that it was a mixture of cortisone and its 
acetate, but the more sensitive methods of paper chromatography (Bush, Biochem. ]., 
1952, 50, 370) showed several distinct substances to be present : these have not yet been 


identified. 
EXPERIMENTAL 

Irradiation was effected as described by Keller and Weiss (J., 1950, 2709; 1951, 25). M. p.s 
were taken on a Kofler block. Alumina used for chromatography was from Savory and Moore 
(London), standardised according to Brockmann; ‘‘ acid-washed alumina’’ was prepared by 
digesting this alumina with 18% hydrochloric acid at 80—90° for 2 hr., washing it extensively 
with water, then with methanol, and drying it at 130° for 2 hr. 

Results are shown in the Table. The steroid solution (usually 200 ml.) was irradiated 
(205 kv; 15 ma) for, usually, 15 hr. The solvent was then removed under reduced pressure and 
the residual solids were dried in a vacuum and examined by elution chromatography (Reichstein 
and Shoppee, Discuss. Faraday Soc., 1949, 7, 305); the ratio, steroid : alumina : volume of each 
fraction of eluant, was 1 g.: 30 g.: 100 ml. All the solvents were purified by distillation, light 
petroleum (b. p. 60—80°) and benzene over sodium hydroxide, ether and chloroform over 
calcium chloride, and methanol over magnesium methoxide. Identities were established by 
crystallisation, m. p. and mixed m. p., and the positions on the chromatographic column. 
Additional work on the products is recorded in the following notes. 
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TABLE 


Yield t 
(%) 


Solvent, 
concn. (%) 


Substance 


irradiated Eluting solvents ¢ 


Products * 


Cholestane 


Cholest-2-ene 


Cholest-5-ene 


Cholestan-3-one 


Cholesterol 


Cholesteryl acetate 


Cholesterol a- + - 
oxide 


38-Benzoyloxy-5« : 6a- 
epoxycholestane 


MeOH, 0-15 


MeOH, 0-25 


COMe,, 0-28 


Dioxan, 0-33 


Ac,O, 0-23 


90% AcOH, 
0:07 


MeOH, 0-14 


COMe,, 0-14 


Dioxan, 0-17 


S.M. 
Oil 

S.M. 

Oil 

M. p. 219—225° 
S.M. 

Oil 

M. p. 190—216° 


S.M. 
Oil 


S.M. 

38-Hydroxycholest-5-en- 
7-one 

Cholest-5-ene-38 : 78-diol 


98 
6 


a) 


© 


vr 


i? 2 
Ce 


4 


Cholestane-38 : 5a: 68-triol J 
4 


M. p. 168—173° 


Oil (A) 
S.M. 
5a : 6a-Epoxycholestan- 
38-ol 
58 : 68-Epoxycoprostan- 
-ol 


Cholest-5-ene-38 : 7B-diol 
Oil (B) 


S.M. 

5a : 6a-Epoxycholestan- 
38-0 

58 : 6B-Epoxycoprostan- 
3f-ol 

Oil (A) 

Cholest-5-ene-38 : 7B-diol 

Oil (B) 


S.M. 

38-Acetoxy-5B : 68-epoxy- 
coprostane 

Cholesteryl acetate a- and 
B-oxides 

3B-Acetoxy-5a : 6a-epoxy- 
cholestane 


After acetyln. : 
38-Acetoxy-58 : 68-epoxy- 
coprostane 
38-Acetoxy-5a : 6a- 
epoxycholestane 
Oi 
38 : 68-Diacetoxychole- 
stan-5a-ol 


Cholesteryl benzoate «- 
and f-oxide 

S.M. 

38-Benzoyloxycholestane- 
5a : 6B-diol 


S.M. 

38-Benzoyloxycholestane- 
5a : 68-diol 

Cholestane-38 : 5a : 68-triol 


S.M. 

38-Benzoyloxycholestane- 
5a : 68-diol 

Oil 


a) 
SB CHW Onn] 


Pet 
Pet-C,H,; C,H,-Et,O 


Pet 
Pet-C,H,; C,H,-Et,O 
Et,O 


Pet 
Pet-C,H,; C,H,-Et,O 
Et,O 


Pet; Pet-C,H, 
Mixt. C,H,, Et,O, CHCl, 


C,H,-Et,O (9: 1) 
(4:1) 


” 


CHCl, ; CHCl,-MeOH 
(49: 1) 


5 CHCl,;-MeOH (24: 1) 


(9: 


C,H,-Et,0 ) 
. (4:1) 


= (3 : 7) 
Et,O-CHCI, (1: 1); CHCl, 
CHC1,-MeOH 
C,H,-Et,O (9: 


Ye fe | 
s (3: <9) 
Mixt. Et,0, CH TeOH 


Pet-C,H, (4:1; 7: 3) 
*f (13:7; 1:1) 


3; 3 
1; 3 
Cl,, N 


Et,O° 


Pet-C,H, (7: 3) 
ss (3:2); CH, 
C,H,-Et,0 (2: 3) 
Pet-C,H,; C,H, 
C,H,-Et,0 (2: 3) 
CHCl1,;-MeOH (19: 1) 


Pet-C,H, (4:1); C,H, 
C,H,-Et,0 (3: 2) 


CHCl,-MeOH (19: 1) 
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TABLE—(Continued.) 


Substance Solvent, Yield f 
irradiated concn. (%) Products * (%) Eluting solvents t 


38-Benzoyloxy-58 : 68- MeOH, 0-14 S.M. 91 Pet-C,H, (4:1; 1: 4) 
epoxycoprostane M. p. 144—151° 4 C,H,-Et,O (4: 1) 
Oil 2 - (2: 3) 


COMe,, 0-14 S.M. 9! Pet-C,H, (4:1; 3: 7) 
Oil ‘5 CHCl,-MeOH (19: 1) 


Dioxan, 0-17 S.M. Pet-C,H, (9:1; 3:7 
Oil CHCl MeOH (15 : 1) 


Cholest-4-en-3-one MeOH, 0:25 S.M. 
Oil 
Cholest-4-en-3-one MeOH, 0:25 68-Hydroxycholest-4-en- re oil (1 
3-one 
Oil CHCI,-Et,O 


Progesterone MeOH, 0-23 S.M. 96 C,H,-Et,O 
M. p. 156—210° 0-12 Et,O-CHCl, (4:1; 7: 3) 
‘ i 5s : » §C,H,-Et,O A 4) 
Cortisone acetate ...... MeOH, 0-1 S.M. 87 7 libs O-CHCI, 3; 1:4) 
Oil ( ?cortisone and its CHCl, ; CHCL-McOH 
acetate) (19: 1) 
5% AcOH, S.M. 92 C,H,-Et,O; Et,O-CHCl, 
1 Oil ( ?cortisone and its 8 CHCl,; CHCl,-MeOH 
acetate) (19: 1) 


* S.M. = starting material; un-named products were not identified. 
Tt Crude wt.-%. ¢{ Pet = light petroleum. 


Notes.—1. The positions of the oils on the chromatographic column were consistent with 
the introduction of one hydroxyl or keto-group. 

2. The oils were similar to those obtained from cholestane. The compound, m. p. 219— 
225° (from methanol), had a position on the column which indicated introduction of two oxygen 
atoms. 

3. As 2. 

4. The identity of the oxocholestenone was established by its position on the column, 
mixed m. p., and preparation of its acetate, m. p. 158—160°. The mixture of cholestenediol 
and cholestanetriol was collected from a few irradiation experiments and separated chromato- 
graphically on a small column of alumina. Elution with ether—chloroform (1:1) gave, first, 
78-hydroxycholesterol, m. p. 148—156° (from methanol), and then a substance, m. p. 215—224° 
(from methanol), mainly cholestane-38 : 5« : 68-triol. Identity of the diol was shown by the 
blue coloration with antimony trichloride in chloroform (specific for 7-hydroxy-A®-steroids ; 
Barr, Heilbron, Parry, and Spring, /., 1936, 1437), and by preparation of the di- 
benzoate (benzoyl chloride—-pyridine; chromatography), m. p. and mixed m. p. 171—174° 
(cf. Schoenheimer and Evans, J. Biol. Chem., 1936, 114, 276). None of the 7«-hydroxy- 
compound was isolated, either before or after benzoylation. The m. p. of the cholestanetriol is 
lower than that quoted in the literature (239°) but its identity was confirmed by preparation of 
the 3: 6-diacetate (acetic anhydride—pyridine), m. p. and mixed m. p. 167—168°. The un- 
identified compound, m. p. 168—173° (Found, on a sample dried at 60°/high vac. for 5 hr. : 
C, 77-46; H, 10-9. Calc. for C,,H,,0,: C, 77-5; H, 11-0%), had a position on the column 
indicating the presence of three hydroxyl groups. 

5. The acetone was purified by refluxing and distillation over potassium permanganate, 
followed by redistillation over calcium chloride. Irradiation was for 14 hr. The oil (A) gave 
poorly defined crystals, m. p. 55—67°, from methanol-ether. It is not impure cholest-4-en-3- 
one, since the semicarbazone prepared by Casanova and Reichstein’s method (Helv. Chim. Acta, 
1950, 38, 417) had m. p. 202—218°, whereas that from cholestenone melts at 234—235° (Jones, 
Wilkinson, and Kerlogue, J., 1942, 391). The mixture of cholesterol «- and B-oxide had m. p. 
100—126° and was separated chromatographically after benzoylation (pyridine—benzoyl 
chloride; room temp.; 16hr.). Chromatography on alumina and elution with light petroleum— 
benzene (4: 1) gave 36-benzoyloxy-58 : 68-epoxycoprostane, m. p. and mixed m. p. 167—170° 
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(from methanol-ether), [«]}? -}+20-3° + 4° (¢ = 1-40 in CHCl,) (Baxter and Spring, J., 1943, 
613, give [a]? +16°) (Found: C, 80-5; H, 10-0. Calc. for C;;H;,0,: C, 80-6; H, 9-9%). 
Further elution with light petroleum—benzene (1:1) gave 38-benzoyloxy-5« : 6x%-epoxy- 
cholestane, m. p. and mixed m. p. 168—169-5° (from methanol-ether). The ratio of B-oxide : 
a-oxide was about 65:35. The identity of the 78-hydroxycholesterol was confirmed as in 
Note 4. Again, no 7«-hydroxycholesterol could be isolated. Since the yield of cholesterol 
epoxides is high (in one experiment irradiation for 25 hr. gave a 42% yield of the oxides) 
secondary attack to give the évans-triol almost certainly occurs, but no crystalline acetate or 
benzoate could be prepared from the oil (B). 

6. Dioxan was purified according to Eigenberger’s method (J. pr. Chem., 1931, 130, 75; 
quoted by Weissberger and Proskauer, ‘‘ Organic Solvents,’’ Oxford Univ. Press, 1939, p. 139). 
The cholesterol oxides, as obtained initially after chromatographic separation of the irradiation 
products, were present in a mixture with some unchanged cholesterol; the amounts of each 
form of the oxide and unchanged cholesterol (as shown in the Table) were ascertained after 
benzoylation and quantitative chromatographic separation, as in Note 5. The cholestenediol 
was identified as in Note 4. In the unesterified form, 7-hydroxycholesterols are very difficult 
to crystallise, owing to the formation of solvates (cf., e.g., Wintersteiner and Ritzmann, /. Biol. 
Chem., 1940, 186, 696), which explains the great variation in the m. p.s of samples isolated. 
No crystalline derivatives could be prepared from the oils (A) and (B). Some (B) (~2%, 
eluted with ether) gave a blue colour with antimony trichloride in chloroform, indicating the 
presence of 7-hydroxycholesterol. 

7. The m. p.s of the acetates of cholesterol and both of its epoxides are fairly close, but 
mixed m. p.s sufficed to indicate the identity of the products. The 8-oxide acetate was analysed 
(dried in a high vacuum) (Found: C, 78-6; H, 11-2. Calc. for C.,H,,0,: C, 78-3; H, 10-9%) 
and had [a«]}} —1-2° -L 3° (c, 0-974 in CHCI,). The identity of cholesteryl acetate «-oxide, [a]? 


D 
44-2° + 3° (c, 0-732 in CHCI,), was confirmed by preparation of the free sterol : 50 mg. of the 
acetate were refluxed with methanol (8 ml.) and 0-5n-sodium hydroxide (1-5 ml.) for 2 hr. 
Water precipitated the sterol which, when washed, dried, and crystallised from alcohol, had 
m. p. and mixed m. p. 132—134°. 

8. The irradiated compound was a 1:1 mixture of cholesteryl acetate a- and f-oxide. 
During vacuum-evaporation of the solvent the temperature was kept below 35°. The crude 
product was acetylated (pyridine—acetic anhydride) before chromatographic separation. 

9. 36-Benzoyloxy-5« : 6x-epoxycholestane and -58 : 68-epoxycoprostane were prepared by 
Spring and Swain’s method (J., 1943, 613) but separation was achieved chromatographically by 
a method similar to that of Barton and Miller (J. Amer. Chem. Soc., 1950, 72, 370). The solution 
was irradiated for 5hr. The mixture of the cholesteryl benzoate «- and $-oxide, separated from 
the irradiation products, gave a blue thermoluminescence on melting, characteristic of this 
mixture when one or other form is present in excess. The $-form must be formed during the 
irradiation since the starting material was chromatographically homogenous. 

10. The solution was irradiated for 5 hr. The 38-benzoyloxycholestane-5« : 6f-diol was 
analysed (Found: C, 78-1; H, 10-2. Calc. for C;,H;,0,: C, 77-9; H, 9-9%). 

11. The solution was irradiated for 5 hr. Acid-washed alumina was used for the chromato- 
graphic separation. 

12. The solution was irradiated for 5 hr. On recrystallisation from methanol-ether, the 
unidentified compound had m. p. 114—156°, but it could not be obtained in a form sufficiently 
pure for analysis. Its m. p. was depressed by 10—15° by admixture with cholesteryl benzoate 
«- or B-oxide. 

13. The unidentified oils obtained in this irradiation all had the characteristic absorption of a 
3-keto-A‘-steroid at 240 my. The identity of the 68-hydroxycholestenone was confirmed by 
preparation of the semicarbazone in methanol at room temperature, chromatography in 
chloroform on alumina, and crystallisation from methanol; it had m. p. 213—216° (Ellis and 
Petrow, J., 1939, 1078, give m. p. 221°). 68-Hydroxycholest-4-en-3-one (10 mg.) was refluxed for 
30 min. with 95% ethanol (5 ml.) containing 5 drops of concentrated hydrochloric acid. Partial 
evaporation followed by the addition of water gave crude cholestane-3 : 6-dione which was 
dried, dissolved in a few ml. of chloroform, and filtered through alumina. Evaporation followed 
by crystallisation from ether—light petroleum gave needles, m. p. 167—170-5° (Butenandt and 
Schram, Ber., 1936, 69, 2289, give m. p. 169°). The crystals showed negligible light absorption 
in methanol at 240 mp. A specimen for analysis was recrystallised from acetone—ether and dried 
under high vacuum over phosphoric oxide for several hours at 120° (m. p. 170—171°) (Found : 
C, 80-5; H, 11-1. Calc. for O©,,H,,O,: C, 80-9; H, 11-1%), [a]P 15° + 3° (c, 1-418 in CHCI,). 
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The dioxime of the diketone was prepared in boiling aqueous ethanol and crystallised from 
ether—hexane as needles, m. p. 205—208° (Ruzicka, Bosshard, Fischer, and Wirz, Helv. Chim. 
Acta, 1936, 19, 1147, give m. p. 208—210°). 

14. The solution was irradiated for 30 hr. Repeating the experiment several times gave 
6 mg. of the compound, m. p. 156—210°. Further crystallisation did not improve the m. p. 
The material was recovered unchanged after attempted acetylation at room, or at higher, 
temperature. The compound was then refluxed with absolute alcohol (2 ml.) and concentrated 
hydrochloric acid (3 drops) for 30 min. Water was added and the precipitate centrifuged, 
washed with water, and dried. The yellow powder obtained was dissolved in chloroform and 
filtered through a small amount of alumina. The chloroform was removed and the colourless 
residue crystallised from acetone-ether to give short prisms (1-3 mg.), m. p. 226—230°, not 
depressed on admixture with allopregnane-3 : 6: 20-trione, kindly supplied by Winthrop- 
Stearns, Inc., Rensellaer, N.Y. 

15. Acid-washed alumina was used for the chromatographic separation. The oil had ultra- 
violet absorption characteristic of a 3-keto-A‘-steroid, and when the oil had been treated with 
concentrated sulphuric acid its absorption (Zaffaroni, J. Amer. Chem. Soc., 1950, 72, 3828) was 
indistinguishable from that given by cortisone or its acetate. When this oil was run on a paper 
chromatogram (Bush, Biochem. J., 1952, 50, 370) testing with aqueous sodium hydroxide 
(specific for 3-keto-A‘-steroids) showed several spots, one of which moved at the same speed as 
cortisone acetate and one at the same speed as cortisone, three being more polar than cortisone. 

16. Temperatures were below 40° during evaporation of solvent. Remarks as in Note 15 


apply. 
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Ionisation Equilibria of Metal Co-ordination Complexes in 
Benzene Solution. Part I. 


By A. R. BurkKIN. 
[Reprint Order No. 4528.] 


A method is described for studying the extent to which an acid radical 
dissociates from a non-ionic complex of the type MA,X, in benzene solution. 
The electrical conductivity is measured and interpreted in terms of an 
equilibrium constant for the dissociation of the ion-pairs and another for 
the breaking of the metal—acid radical bond. The so-called non-ionic 
compounds studied show the same sort of variation of equivalent conductance 
with concentration as do complex salts in benzene solution and tetra-alkyl- 
ammonium salts in dioxan-—nitrébenzene solutions of constant dielectric 
constant. The concentration of free ions is small and this is largely due to 
the very slight dissociation of the ion-pairs rather than to very small equili- 
brium constants for the breaking of the metal—acid radical bond. The 
stronger the acid from which the acid radical is derived, the greater is the 
degree of ionisation. Trialkyl-phosphines and -arsines seem to weaken the 
metal—chlorine bonds in the cis-positions when compared with the effect 
of m-octylamine. Results are reported for cupric, palladous, and a few 
platinous complexes. The crystals of a few complexes of octadecylamine and 
dodecylamine with cupric salts appear to be electrically anisotropic and 
positively charged on crystallisation from benzene. 


THE physicochemical aspects of complex formation, and in particular the equilibrium 
constants for the successive addition of ligand molecules to the metal ion, have been 
extensively studied in recent years. Some of the types of equilibria which have been 
investigated are shown as (I) and (II), where the ion of the metal M has charge x+, A isa 
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monodentate non-ionic ligand, X a univalent negatively charged ligand, and N is the 
maximum co-ordination number of the metal under the experimental conditions employed. 


(I) M** + A === [MA]**+ 
[MA}*+ + A === [MA,]?* 


[MAw—y]** + A == [MAy}** 


(IT) Mt +. X~ === [MX]@- 


[MXw_p]@- +) + X- =e [MXy]e- + 


Such data give information about the free-energy changes occurring when groups A or 
X~ replace water molecules bound to the hydrated metal ion, and are interpreted in terms 
of a number of factors which are assumed to control the stabilities of the complexes formed 
(cf. Quart. Reviews, 1951, 5, 1). Some of the experimental conditions required for deter- 
mining the equilibrium constants are (i) that all reactants in the equilibrium mixture are 
water-soluble, (ii) that no groups other than water are bound to the metal ion, and on 
addition of A or X~ water molecules are replaced successively, (iii) that the reversible 
equilibrium is established rapidly. Other practical requirements are less important for 
this discussion. 

It is difficult or impossible to study by these conventional means metal ions such as 
Co®*, Pt?*, Pt4*, etc., which form very stable complexes with most ligands and do not give 
simple hydrated ions, although in a few cases hydrolysis constants can be measured by 
using a suitable catalyst (Bjerrum and Rasmussen, Acta Chem. Scand., 1952, 6, 1265). In 
addition, complexes of the type [MA,X,] (when x = 2) and the very many interesting 
classes of compounds which are not water-soluble cannot be investigated. The present 
work was designed to investigate some of the problems connected with the non-icnic 
mixed complexes. 

Since the reversibility of reactions of class (II) has been proved, it seemed very likely 
that equilibria of type (III) should exist. In many solvents solvation will occur and may 

(III) [MA,X,] === [MXA,]+ + X- 


lead to irreversible decomposition. This seems to be the case in many, if not all, liquids of 
high dielectric constant. By using a hydrocarbon as solvent it is possible to avoid these 
difficulties, although others arise, and considerations of solubility led to the choice of benzene. 
It is very unlikely that in benzene solution the complex ion would lose its remaining X~ 
group, since this would have to be removed from an oppositely charged ion. Hence for 
practical purposes the equilibrium may be regarded as the dissociation of a weak uni- 
univalent electrolyte. There is no evidence to suggest that uncharged acid radical groups 
can dissociate from any of the complexes considered here. 

In the present work the ionisation equilibria of complexes of the type [MA,X,], where 
M is Cu®*, Pt®*, Pd?*, and of a few cuprous complexes have been studied by means of their 
electrical conductivities in benzene solution. The factors influencing the ionisation are 
considered to be: (i) the properties of the metal ion in the valency state studied, (ii) the 
properties of the acid radical X~-, in particular the strength of the parent acid HX, (iii) the 
co-ordinating power of the ligand A, considered in terms of the type of bond formed between 
it and the metal, and (iv) the geometrical arrangement of the groups around the metal 
atom. The last of these factors will be considered in Part II. 

Interpretation of Conductivity Data.—None of the theoretical methods used for inter- 
preting the conductivity data for weak electrolytes in aqueous solution is applicable to 
non-aqueous solvents of low dielectric constant. A considerable amount of work has been 
carried out with strong electrolytes, particularly the tetra-alkylammonium salts, in such 
solvents, and this has been summarised by Harned and Owen (“ Physical Chemistry of 
Electrolytic Solutions,’ Reinhold, New York, 2nd edn., 1950). The theoretical treatments 
used to interpret these data are based on N. Bjerrum’s “ ion-pair ”’ theory but this is not 
applicable to solutes for which the incipient ions are bound by covalent bonds rather than 
electrostatic attraction. No method seemed suitable for interpreting the data to be 
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obtained in the present work, so a technique was evolved which would permit the calcul- 
ation of relative values of the ionisation constants in terms of the ionisation of a metal 
complex known to behave as a salt. The method involves a number of assumptions and 
approximations which are mentioned in this outline. The underlying equation (1) (below) 
which was obtained has recently been published by Rutgers and De Smet (Trans. Faraday 
Soc., 1952, 48, 635), who also give a derivation, and their terminology is used to prevent 
confusion. 

It is found experimentally that all compounds which chemical experience suggests are 
salts, when dissolved in any solvent of low dielectric constant, behave as though very few 
ions were present. Theoretical considerations suggest the formation of pairs of oppositely 
charged ions bound by electrostatic forces, as occurs to some extent in aqueous solutions. 

3ecause of its low dielectric constant, however, the solvent has little power to break up such 
ion-pairs and the compound does not behave as one would expect a completely ionised salt 
to behave when, for example, an electric field is applied. In dilute solution there will be a 
certain amount of association of these ion-pairs, giving first (AB), and at slightly higher 
concentrations (AB). Let the two association constants be K,, and Kym where Kay = 
((AB),,}/[(AB)]", and similarly for Ky». Each species of associated ions can dissociate to 
give two ions, any further stages, involving the removal of an ion from an existing ion, being 
most unlikely in benzene solution. There will then be three ionic dissociation constants, 
Ka, Kan, and Kg» relating to the ionisation of (AB), (AB),, and (AB),,, respectively. This 
treatment is equivalent to saying that most of the solute exists as ion-pairs, but the few 
ions which are present as a result of the dissociation of these pairs do not exist as simple 
or solvated ions but have associated with them one or more ion pairs leading to “‘ triple 
ions ’’ such as (A*B~A*)* and higher aggregates. 

Let the equivalent conductance (A,) of the ion pairs be defined as the equivalent 
conductance at infinite dilution (A,,) and equal to the sum of the mobilities of the resultant 
ions; also A, is A.. for (AB), and similarly for A,,. Let o be the specific conductance of the 
solution of concentration c. Then 

o/Ve = Ay Kat + An(KanKen)tc!-!2 + Ag (KanKom)tc™-012 . . . . (I) 

In obtaining this equation all long-range forces are ignored, and it is assumed that the 
solution has low conductance (dissociation is slight) and that solutions of different concen- 
trations have the same dielectric constant. In the cases of salts and compounds having 
appreciable dipole moments, therefore, only very dilute solutions and a limited concentra- 
tion range should be considered unless the dielectric constants of the solutions are adjusted 
by adding a second solvent as was done by Rutgers and De Smet. This was not practicable 
in the present work because of the probability of contamination and the difficulty of finding 
a suitable inert solvent of sufficiently high dielectric constant, and in any case it proved to 
be unnecessary. 

Plotting o/+/c against c and extrapolating toc = 0 gives A,Kw'. Fortunately, at suffi- 
ciently low concentrations the plot is linear in all cases studied in detail. It is impossible 
to obtain a value for A, because of the very low conductivities and the theoretical difficul- 
ties due to association, so that Ky, cannot be obtained. If, however, it is assumed that 
A, is constant for all compounds of similar type, it is possible to obtain relative values of 
Ka for such compounds. By comparing data with the figures for an analogous substance 
known to be a salt, the relative degrees of ionisation of other complexes can be estimated. 
In the case of the salt the value of K, refers to the dissociation of the ion-pairs bound 
together by purely electrostatic attraction. The values for the so-called non-ionic com- 
plexes are the products of the constant for the ion-pair dissociation and the constant due to 
the breaking of the metal-acid radical bond. The former appears to be fairly constant for 
similar compounds (Harned and Owen, of. cif., p. 203), so the estimates will give a fair 
representation of the relative values of the M—X dissociation constants. It is obvious that 
great care must be taken in interpreting the figures and, in particular, small differences 
must be ignored. The results are of considerable interest, however, and a number of 
conclusions can be drawn with fair certainty. 

By using a salt, the method described above may be compared with other methods of 
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interpreting conductivity data in benzene solution. The salt used had to be obtainable in 
a pure state and stable in 10°°—10-4m-solutions in benzene for several hours over a reason- 
able temperature range. The substance chosen was tetrakis(methyldiphenylarsine)copper(1) 
perchlorate [Cu(AsPhMe),}](C1O,) (Nyholm, J., 1952, 1257), which could also be used as a 
basis for comparison between other compounds. 

A narrow concentration range of 10°°—10™‘M minimised dielectric-constant variation 
of the solution, and plotting o/c against c at four temperatures gave a set of straight lines 


Fic. 1. Straight-line portion of the o/Vc against c Fic. 2. Minima in molar conductance-con- 
curve for [Cu(AsPh,Me),](C1O,) at several tem- centration curves at several temperatures, 
peratures. for [Cu(AsPh,Me),](C1O,): plotted log- 

arithmically. 
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Fic. 3. Variation of molar conductivity with con- log c(motes/2) 

centration of cis-[Pt(PEt,),Cl,]. Inset shows 

straight-line portions of the o/Vc against c curves . f 

at the same temperatures. Fic. 4. log o/Vc against log c curves showing 
similarity in slope for: 

(A) cis-[Pt(PEt,),Cl,]. ; 

(B) [Cu(C,,H,5*NH,),(CH*CO,)9). 

(C) [(Cu(C,.H,,*NH,).(CH,Cl°CO,) 9]. 

(D) [Pd(PBu,).Cl,}. 
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(Fig. 1). Thus from (I), (n — 1)/2 = 1 anda= 938. Extrapolation to zero concentration 
gave values for A,Kq' which showed linear dependence on temperature, as below : 
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Plotting log molar conductance against log concentration gave a curve exhibiting a 
minimum as is usual for salts in solvents of low dielectric constant (Fig. 2). From the 
values of A,, and c at the minimum, a value of A, Kat can be obtained by using the approxi- 
mate expression Ka = (cAm)min./2A, (Harned and Owen, of. cit., p. 196). The widest 
possible variation in the position of the minimum being taken into account, the value of —log 
Ka1(A,)* obtained is 17-6 + 0-2 at 35°, which may be compared with the values obtained by 
Fuoss and Krauss (cf. Harned and Owen, op. cit., p. 203) by this method for some alkyl- 
ammonium salts in benzene and which gave —log K4,(A,)? = 13-05—16-6. It seems obvious 
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from the similarity that the complex perchlorate is behaving as a salt. The value 
obtained by extrapolating the o/c against c curve is 20-6 at 35°. Thus the two methods give 
considerably different results, which is not surprising in view of the approximations involved 
in each case, but the discrepancy is not so great as to invalidate the use of the newer 
method for comparative purposes. 

In order to test as fully as possible the applicability of equation (I) it was necessary to 
use a “non-ionic ’’ complex as well as the salt. The ready reproducibility of results 
for cis-triethylphosphineplatinous chloride {[Pt(PEt,),Cl,], and the great stability of its 
solutions made this the most suitable compound for this purpose of all those tested. Plot- 
ting o/+/c against c at several temperatures gave a set of straight lines for values of ¢ up to 
about 8 x 10-4 (Fig. 3, inset), so 7 = 3 as for the perchlorate. The difference between the 
experimental curve and the extension of the straight line to higher values of c (up to 4 x 
10m) was measured (A{o/+/c}) at several values of c, and on plotting log A{o/+/c} against 
log c a straight line was obtained of slope 2:55, or approximately 5/2. Hence (m—1)/2 = 
5/2 and m = 6, as was found by Rutgers and De Smet for tetratsopentammonium picrate 
in dioxan-nitrobenzene solution. Use of equation (1) together with the values for » and m 
for the experimental results at c = 17-5 « 104m shows that the curve can be represented 
by o/c = (0-092 + 392c + 1,686,000c>'2) x 10-2. Values calculated by using this equation 
are compared below with experimental values. 

2-50 10-0 
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The remarkable similarity between the behaviour of the salt and the “ non-ionic ’ 
complex in benzene and that of the alkylammonium salt in dioxan-nitrobenzene solution 
indicates that the association and ionisation processes are similar in each case and that over 
a narrow concentration range the dipole moment of the complex does not seriously affect 
the conductivity by changing the dielectric constant of the solution. 

The value of m gives the composition of the aggregate which, together with the simple 
ion-pair, is the major species ionising over a particular concentration range. This ionis- 
ation may be represented as 

(AB)n === {(AB)A}* + {(AB),B}- 
where w + y = (wn — 1). If m = 3, as is found experimentally, we have w = 2, y = 0, or 
w=0,y =2,orw=y=1. The first two cases would imply that one ion is not associated 
with solute, and this is much less likely than the state represented by the last case where 
“triple ions” are formed, The similarity in behaviour between the salts and cis-triethyl- 
phosphineplatinous chloride suggests that the molecules of the latter complex behave in 
this respect as ion-pairs, which is not unreasonable in view of the polarity of the Pt—Cl link. 

The situation regarding the ionisation of (AB),, is not so simple. The only value of 
(m — 1)/2 obtained in the present work was 2-55, and Rutgers and De Smet’s figures are 
considerably further from 2-50, which is required to give m = 6. Writing 


(AB)m <== {(AB)pA}*+ + {(AB),B}- 


we cannot assume that # = q, and although it is tempting to put = g = 2 and identify 
the ions as those formed with tetrapoles, with a little further association of some sort to 
raise m from 5 to 6, the evidence is inadequate. 

The procedure outlined above could not be used to obtain A,K«! for allcompounds. In 
some cases the straight-line portions of the o/c against c curves could not be studied since 
sufficiently low concentrations could not be used either because the conductivities were so 
small or because decomposition was too rapid. It was necessary in such cases to use the 
lowest practicable concentrations and to correct the conductivity figures for the concentra- 
tion in order to obtain data for comparison. It was found that the shapes of the curves for 
all compounds with conductivities of similar magnitude were alike (Fig. 4), so it was possible 
to obtain approximate values of o/+/c at c = 0 for these difficult compounds by comparison 
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with curves for others. Although open to many objections, this method of extrapolation 
seems the only one possible in the circumstances. 

If the theoretical basis of the method given above for interpreting the conductivity 
data were found to be incorrect, the treatment may still be regarded as convenient for 
correcting the values of Ay obtained experimentally for concentration differences in order 
to get conductivity values suitable for comparison. The variation of Ay with concentra- 
tion for cis-triethylphosphineplatinous chloride is shown in Fig. 3, and the inset shows the 
advantage of using the straight line obtained on plotting o/+/c against c. 


DISCUSSION OF RESULTS 


A number of salts were studied in addition to tetrakis(methyldiphenylarsine)copper(1) 
perchlorate, but in less detail. The nitrate of the same cation gave unstable solutions, 
different samples giving widely differing conductivity values, and the results are not 
reported. Di-(o-phenylenebisdimethylarsine)copper(I) bromide, [Cu(diars),)Br, gave 
results very similar to those obtained with the complex perchlorate, as did di-(o-phenylene- 
bisdimethylarsine)copper(I1) cuprobromide [Cu(diars),][CuBr,] (see following Table). The 
conductivities of these compounds increased far more rapidly with rising temperature 
than did that of the perchlorate (Fig. 5). This shows the importance of studying the effect 
of temperature variation before comparing the conductivities of different compounds. In 
all other cases studied this effect is small. The low conductivities found for a number of 
other copper(I)—arsine compounds which do not behave chemically as salts show that the 
relatively high conductivities for the compounds mentioned above are not to be ascribed 
to the presence of univalent copper or arsine rather than to the fact that the compounds 
are salts. These results will be published in a later paper. 
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Acid Strength—For complexes which are not salts, the dissociation constants for 
ionisation equilibria of type (III) will obviously depend on the properties of the acid 
radicals. The strength of an acid is a measure of the tendency of the acid radical to attach 
itself to a hydrogen ion in aqueous solution. The conductivity of a complex containing 
that acid radical, in benzene solution, is a measure of the tendency of the acid radical to 
attach itself to the metal ion in a particular electronic state. The complexes of a series of 
acids which have different K, values being considered, it will be expected that the conduc- 
tivity will increase with increasing strength of the acid. The situation is similar to that 
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found in the study of the relation between the stability constants (in aqueous solution) of 
complexes of bases with metals and K, for the bases (Bjerrum, Chem. Reviews, 1950, 46, 
381), and in studying the constants for complexes of diketones and hydroxy-aldehydes in 
terms of the Ky+ values (Calvin and Wilson, J. Amer. Chem. Soc., 1945, 67, 2003). A 
general relationship will not exist for all acids since if the radicals bound to the metal have 
very different electronic structures the bond type may be different in each case. This 
factor will, in most cases, far outweigh the effect of acid strength. 

The complexes of long-chain primary -aliphatic amines with cupric salts of aliphatic 
acids are soluble in benzene and in most cases give stable solutions. The strengths of the 
acids may be changed by substitution in the «-position, while the acid radical is in every 
case attached to the metal by the CO-O- group. Results were obtained by using acetic, 
and mono-, di-, and tri-chloroacetic acid and methyl hydrogen succinate. The last was 
studied because the conductivities of the acetate complexes seemed extremely low. The 
acid dissociation constant for the acid was not determined but will presumably be similar 
to that for acetic acid. 

The K, values ( x 105) for acetic and mono-, di-, and tri-chloroacetic acid are 1-75, 140, 
5000, and 20,000 respectively, and the conductivity values for the complexes involving these 
acids rise in the same order. In practice, great difficulty was experienced in obtaining the 
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Fic. 5. Variation of molar conductance with 
temperature for: 
(A) [Cu(diars),][CuBr,]. 
(B) {Cu(diars),|Br. 
(C) [Cu(AsPh,Me),}(C10,). 
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copper salts of di- and tri-chloroacetic acid without causing hydrolysis and, apparently, 
partial removal of chlorine. Complexes prepared from different samples of both salts gave 
different conductivities, and the results quoted are based on six samples of each compound. 
Although little reliance can be put on these figures, the qualitative relation between con- 
ductivity and acid strength seems established. 

Since cupric iodide complexes with long-chain amines do not exist, and the cupric 
bromide compounds are ill defined (Burkin, /., 1950, 122), it was not possible to study the 
halide complexes by using these copper compounds. By using the tri-(-butylphosphine) 
complexes of palladous salts, however, the halides could be investigated and the results 
compared with those for compounds containing other acid radicals often used in complexes 
such as the thiocyanato- and the nitro-group. All of these well-known compounds are 
stable in benzene solution. The o/+/c value at zero concentration for [Pd(PBug),I,] is 
appreciably smaller than the values for the chloride and bromide, which are similar. The 
nitro- and thiocyanato-complexes also have small conductivities, as expected in view of 
the covalent character of the bonds which these groups form with metals such as platinum 
and palladium. 

The importance of the structure of the molecule as a whole rather than the nature of a 
particular pair of atoms is shown by the small conductivity of the bridged compound 
[Pd(PBu,)Cl,],. This value is calculated on the binuclear formula weight, so that two 
chlorine atoms are available for ionisation in addition to the two assumed to be bridging 
the metal atoms and which, presumably, will not be readily lost by ionisation. 

Nature of the Ligand.—The evidence concerning the effects of different ligands on the 
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ionisation of the acid radicals is inconclusive. Of the amines, dodecylamine and octadecyl- 
amine were used mainly, and the change in size seems to make little difference. This is 
borne out by a few preliminary, unreported measurements with n-octylamine complexes. 
The basic strengths of the amines are similar and no indication of the influence of this 
factor can be expected. 

In the palladous series the bridged compound [Pd(PBug)Cl,], has a much lower con- 
ductivity than [Pd(PBu,),Cl,], and the n-octylamine complex {Pd(C,H,7*NH,),Cl,| has 
a much smaller conductivity still. All of these compounds have, presumably, a trans- 
configuration, and comparison with the results for trans-platinous complexes with trialky]- 
phosphines and -arsines to be reported in Part II suggests that the phosphines and arsine ; 
behave similarly in weakening the metal-chlorine bonds in the cis-positions to some 
extent, compared with the effect of octylamine. Further evidence is, however, needed 
on this point. 

Effect of the Metal.—On comparing chloride complexes of the three metals investigated, 
viz., bivalent copper, platinum, and palladium, it appears that the copper—chlorine link 
is more ionic than the palladium-chlorine bond and that this is more ionic than that 
present in the ¢vans-platinous complexes but is similar in this respect to that in the cis- 
platinous compounds (see Part II). In general, however, it is apparent that the other 
factors discussed above can very greatly modify the properties of the bonds formed by a 
metal in its complex compounds, and hence the properties of all the compounds of the 
metal involving largely covalent bonds. 

General Conclusions.—The close correlation between the results given above and the 
general chemical characteristics of the compounds suggests that in many types of reaction 
the ionic character of the metal-acid radical link is of primary importance, although this 
is not always so. With a bridged complex in the presence of a suitable ligand, for instance, 
the instability of the complex is due to the splitting of the bridge and subsequent formation 
of two stable molecules. 

The absolute values of A,K4,' demonstrate an important point in connection with the 
general chemical properties of complexes of the type discussed here. For the salts studied, 
A,Ka' was found to be about 60 x 10°". Although it is not possible to measure A,, its 
value may be taken as about 100, so that K4 is of the order of 3-6 x 10°°5. This is the 
equilibrium constant for the ionisation of an ion-pair bound together only by electrostatic 
forces. For the compounds which are not salts, A,K4q,? ranges from about 4 x 107 to 
0-1 x 10°! and taking A, as 100 again gives Ky as 1-6 x 10°’ tol x 10°°° The latter 
values are assumed to be products of the equilibrium constants for the ionisation of the 
acid radical caused by the breaking of the metal-acid radical link, and the constant for the 
ionisation of the ion-pair, which will have about the same value as in the case of the salts. 
The constant for the dissociation of the complex molecle is therefore of the order of 10° to 
10° and it is obvious that the very great apparent stability shown by complexes in solvents 
of low dielectric constant is due to the stability of the ion-pairs. If, for example, ligand A 
is added to a solution of the complex [MA,X,] it would be expected that in many cases the 
compounds [MA,X]X and [MA,]X, would be produced. This is the case in aqueous solu- 
tion, and often in solvents such as the lower alcohols. In a solvent such as benzene, 
however, the effective activity of the acid radical is enormously increased because of the 
very small value of K for the splitting of the ion-pair, whereas neutral ligand molecules 
produced by the reversible dissociation of the ions [MA,X]* and [MA,]** can readily 
escape from the vicinity of the resulting ion. For this reason ionic complexes can very 
rarely be produced by reaction in solvents of low dielectric constant. 

Formation of Charged Crystals —During measurements on complexes of the long-chain 
amines with cupric acetate and cupric methyl succinate a noteworthy phenomenon was 
observed. With suitable concentrations the complexes crystallise as long needles on 
cooling, and with a potential of about 100 v across the electrodes of the conductivity cell 
the crystals were held between the plates and did not fall until the electrical circuit was 
broken. The needles were attracted to the cathode and oriented themselves along the lines 
of force, but even when the space between the electrodes contained a considerable amount 
of solid there was a clear space around the anode. Thus the crystals appear to be positively 
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charged and electrically anisotropic. This phenomenon may be connected with the fact 
that on very slow cooling, the conductivity of the solution was found to increase just 
before crystals appeared and did not fall to its former value until a considerable amount of 
solid had separated. This was observed only with the compounds mentioned which all 
have long carbon chains and are unique among the long-chain amine complexes of cupric 
salts in forming well-defined crystals instead of the more usual powders. It appears almost 
as though ionic micelles were produced. 


EXPERIMENTAL 


Measurement of Conductivity.—In order to avoid contamination of the benzene by traces of 
water the apparatus shown in Fig. 6 was devised. Benzene, previously purified by careful 
fractionation of the commercial ‘‘ AnalaR ’’ product, was kept over metallic sodium in flask A 
and was distilled slowly up a Dufton column with a 12-inch spiral, condensed, and run into the 
measuring assembly. This consisted of two flasks C and D of about 50 and 25 c.c. capacity 
sealed at right angles to one another by tubes about 7 cm. long to another tube perpendicular to 
both of these. The neck of each flask was marked at the bottom and either one was filled to 
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above the mark with benzene which was at the temperature of the condenser water. The height 
of the benzene level above the mark was measured, and the assembly rotated about the joints 
X and Y so that the liquid ran into the conductivity cell. The flasks were calibrated for delivery. 
The ground-glass joints were all re-ground to ensure perfect fit after the components were 
blown. No grease was used since benzene readily dissolved this, but strips of plasticine were 
sealed around the outside of each joint, and when the apparatus was evacuated leakage was 
negligible. 

The approximately 3-cm. square electrodes of the conductivity cell were of heavy platinum 
sheet to prevent buckling in use and were separated top and bottom by glass spacers sealed to 
glass protecting rods extending around the faces. These rods were sealed to two thick-walled 
tubes which carried the electrode leads and suspended the assembly from a B40 glass cone which 
carried the gas outlet tube and tap, gas inlet tube which extended to the bottom of the elec- 
trodes, and the joint fitting to the measuring assembly. The cell tube fitted on to the cone 
and the electrodes reached almost to the bottom. About 56 c.c. of liquid were required to 
cover the electrodes. These had been coated with platinum black by electrolysis of pure 
chloroplatinic acid solution in hydrochloric acid, washed well, and flamed in an oxy-hydrogen 
flame to give a dull coating of ‘‘ white platinum.”’ 

The experimental procedure was as follows. The distillation unit, electrodes, and cell tube 
were dismantled and baked at 150° in an electric oven. The benzene, over sodium, in flask A 
was boiled, and the first few drops of distillate watched carefully. If these were cloudy the 
benzene had to be dried before use. This test was only necessary when several days had elapsed 
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since the previous determination, or when a fresh batch of benzene was used. The cell tube was 
removed from the oven, the bottom 2 inches cooled by immersion in water, and a known weight 
of complex introduced by using a weighing tube attached to a rod to avoid touching the sides. 
The tube was clamped in position, and the rest of the apparatus assembled, whilst hot, as 
quickly as possible. The gas inlet and outlet lines, which were kept permanently in place, were 
connected with rubber tubing so that glass touched glass, and taps T1 and 74 were opened. A 
mercury trap was used between the water-pump and T1 to minimise back diffusion of damp air. 
When the benzene, at room temperature, began to boil and the pressure in the apparatus reached 
a steady minimum, the valve of the gas cylinder was opened and the rate of flow adjusted, the 
mercury trap at T4 being used as indicator. After a few moments T1 and then T4 were closed 
and 73 opened, admitting gas into the apparatus at B, atmospheric pressure being attained in 
3—4 min. The rate of gas flow was then reduced until one bubble escaped from the bottom of 
the manometer every 10 seconds, and T4 was opened as safety valve. Tap T3 was closed, T1 
opened, and the benzene distilled slowly into the larger flask C. Just before the heating was 
stopped, T1 and T4 were closed and T3 and T2 opened so that the apparatus filled with gas on 
cooling. The measured volume of benzene was introduced into the cell, and the complex was 
dissolved, by careful warming if necessary. The solution could be stirred by using the gas 
stream obtained by closing T3. An oil-filled thermostat was raised around the cell tube and 
controlled the temperature to +0-05°. The gas used to fill the apparatus was usually nitrogen 
dried by passing through a trap at — 80° and then through two phosphoric oxide tubes. 

The current passed by the cell when connected to an H.T. battery was measured by use of a 
Tinsley galvanometer of sensitivity 1960 mm./microamp. The simple d.c. method of measuring 
conductivity is satisfactory as long as the cell resistance is greater than 105 ohms. In this work 
it was of the order of 10! ohms, usually more. All wires were covered by narrow Polythene 
tubing and suspended freely as far as possible. The battery and galvanometer stood on 
Polythene strips on a Polythene sheet. In order to avoid glavanometer zero changes, the 
circuit was made by connecting a lead from the cell to the galvanometer, none of the other 
wiring being touched. The potential was measured by a voltmeter when the cell circuit was 
open. The current was measured at approximately 24, 48, 72, 96, and 120 v and the results 
plotted to ensure that Ohm’s law was obeyed. 

The effect of moisture on the conductivity was investigated in the cases of tetrakis(methyldi- 
phenylarsine)copper(1) perchlorate, bisdodecylaminecopper(11) chloride, and cis-triethylphos- 
phineplatinous chloride by passing air saturated with water vapour through a solution of known 
conductivity for about an hour. The conductivity rose slowly by about 5%, and subsequent 
addition of a drop of water caused little or no further change. 

In some cases heating the solutions caused partial decomposition so that on cooling the 
conductivity remained above its previous value at that temperature. By working quickly it 
was usually possible to obtain accurate figures up to about 45°, the rate of decomposition being 
slow below this. When it was necessary to work above that temperature separate solutions 
were used for each temperature, the benzene being warmed in the measuring flask before being 
tipped into the cell containing the compound. 

Cupric chloride complexes with amines decomposed on warming in this way and the rate of 
decomposition was increased in the presence of the electric field, the effect being most noticeable 
at higher concentrations. Ohm’s law was obeyed below about 72 v, but above this the current 
passing was too high and on reduction of the voltage it remained above the previous values 
until the cell was shaken vigorously to disturb the solution between the electrodes. After some 
hours at the higher temperatures it was possible to detect traces of the salt (R*NH,),CuCl,, but 
addition of this salt to a fresh solution of the complex did not cause any appreciable rise in 
conductivity and neither did small quantities of dry amine hydrochloride. It seems likely that 
the increase in conductivity is due, not to the almost completely insoluble end-product, but to 
an intermediate of the reaction, probably hydrogen chloride. This is suggested by the fact 
that in the presence of excess of amine the rise in conductivity is small. The great effect of the 
formation of hydrogen chloride during decomposition is shown by the fact that a 10-°m-solution 
of bistributylphosphinepalladous chloride in benzene, after being sealed in a glass tube in an 
atmosphere of air and stored for 2 weeks at 45°, had about the same conductivity as the fresh 
solution, while a sample stored similarly in an atmosphere of hydrogen contained hydrogen 
chloride above the liquid and had a conductivity so large that it could not be measured in this 
apparatus. 

A few of the tributylphosphinepalladous complexes such as the thiocyanato- and the nitro- 
compound exhibited the reverse phenomenon, and in very dilute solutions (ca. 104m) the 


[1954] Complexes in Benzene Solution. Part I. 81 


conductivity slowly fell and after several days became almost zero. This phenomenon was not 
explained, and the values given are those obtained within a few hours of making up the solution. 
They are reproducible and gave a smooth curve when log c was plotted against log o/c. 

In order to demonstrate the effects of possible sources of error in measuring the conductance, 
the following experiments may be mentioned. When benzene alone was used, no galvanometer 
deflection was detectable after the initial kick on connecting the circuit. About 0-1 g. of tri-n- 
butylphosphine, distilled into a thin-walled glass tube, sealed and broken in the conductivity 
cell, gave a benzene solution of negligible conductivity. Dodecylamine behaved similarly, and 
in each case traces of water caused little change. After 20 hr. over anhydrous cupric chloride 
or platinous chloride in the conductivity cell, a sample of dry benzene showed zero conductivity. 
A solution of bisoctadecylaminecupric chloride prepared at 60° had a considerable conductivity 
as indicated by the results for this compound, but on cooling to 15°, at which temperature the 
substance is almost insoluble, the conductance was almost zero. This was true as long as no 
decomposition of the type mentioned above had occurred. 

The degree of ionisation of the complexes studied was compared with that of organic com- 
pounds which kinetic studies show to behave as though they ionise in solution, by measurements 
on tert.-butyl bromide. This was purified by fractionation and showed zero conductivity both 
alone and in benzene solution. Even after some time and the acquisition of a distinct brown 
colour, this compound did not have a conductivity large enough to be measured in this apparatus. 

Materials.—The n-octadecylamine and n-dodecylamine were obtained from Armour and Co. 
Ltd. and were fractionated in a high vacuum several times until the whole of a 10-g. sample in 
a sealed tube melted overa0-1° range. Cupric chloride, acetate, and methyl succinate complexes 
were prepared as described previously (/J., 1950, 122). 

Cupric chloroacetate complexes. Cupric mono-, di-, and tri-chloroacetate were prepared by 
dissolving cupric oxide in rather more than the theoretical quantity of the acid in a very little 
water. The salts were very soluble, giving syrups, but good crystals were obtained on seeding 
with particles obtained by drying a drop of solution over calcium chloride and ieeping the 
residue at —80° for some days. The crystals were filtered off and washed with a little ice-cold 
water. They were dried (P,O;) until all water of crystallisation was removed. The amine 
complexes were prepared by heating the anhydrous salt with very slightly more than 2 equivs. 
of amine in light petroleum (b. p. 60—80°). The hot solution was filtered under gravity and 
cooled on ice, and the blue solid filtered off, dried, and carefully recrystallised from a little 
benzene. The following were obtained: bisdodecylaminecupric monochloroacetate (Found : 
C, 53-6; H, 9-4; Cl, 11:2; Cu, 10-3. C,,H;,0,N,Cl,Cu requires C, 54-1; H, 9-4; Cl, 11-4; 
Cu, 10:2%), bisoctadecylaminecupric monochloroacetate (Found: C, 60-0; H, 10-3; Cl, 8-9, 
9-0; Cu, 8-1. CygH ,0,N,Cl,Cu requires C, 60-8; H, 10-5; Cl, 9-0; Cu, 8-05%), bisdodecylamine- 
cupric dichloroacetate (Found: C, 49-9, 50-3; H, 8-3, 8-5; Cl, 19-8, 19-6, 18-9; Cu, 9-3, 9-3. 
CygH;,O,N.Cl,Cu requires C, 48-7; H, 8-2; Cl, 20-55; Cu, 9-2%), bisoctadecylaminecupric 
dichloroacetate (Found: C, 56-9, 56:6; H, 9-8, 9-6; Cl, 16-4, 16-0, 15-8; Cu, 7-5, 7-6. 
CypH ggO,N.Cl,Cu requires C, 55-95; H, 9-4; Cl, 16-5; Cu, 7-4%), bisdodecylaminecupric tri- 
chloroacetate (Found: C, 45-0, 45-6; H, 7-2, 7:5; Cl, 27-6, 27-3, 26-8; Cu, 8-4, 8-45. 
C,3H;,O,N,Cl,Cu requires C, 44:3; H, 7-2; Cl, 28-0; Cu, 8-4%), and bisoctadecylaminecupric 
trichloroacetate (Found: C, 52:8, 53-7; 8-7, 8-6; Cl, 22-6, 22-4, 21-9; Cu, 6:9, 6-9. 
Cy)H;,0,N,Cl1,Cu requires C, 51-8; H, 8-5; 22-9; Cu, 6-85%). 
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o-Mercapto-azo-compounds. Part IV.* Preparation and Debenzylation 
of 1-(2-Benzylthiophenylazo)-2-naphthol and 1-(1-Benzylthio-2-naphthyl- 
azo)-2-naphthol. 
By A. Burawoy, C. TuRNER, W. I. Hystop, and P. RAYMAKERS. 
[Reprint Order No. 4615.] 


The coupling of diazotised 1-thiocyanato- and 1-nitro-2-naphthylamine 
with phenol, p-cresol, and 1l-naphthol is investigated and the anomalous 
course of these reactions discussed. 

Diazonium salts from o-aminophenyl benzyl sulphide and 2-amino-1- 
naphthyl benzyl sulphide are stable only in concentrated sulphuric acid 
solutions, which on direct addition to alkaline solutions of 2-naphthol yield 
]-(2-benzylthiophenylazo)- and_ 1-(1-benzylthio-2-naphthylazo)-2-naphthol 
(XIV and XXIX) respectively. The latter are debenzylated smoothly by 
aluminium bromide in benzene, to yield almost quantitatively the corre- 
sponding o-mercapto-azo-compounds. 


THE preparation of o-mercapto-azo-compounds, starting from diazotised 2 : 2’-diamino- 
diphenyl disulphide (Part I *), 1-thiocyanato-2-naphthylamine (Part II *), or o-nitro- 
naphthylamines (Part III *) has recently been described. In all cases, 2-naphthol was 
used as coupling component. Attempts to replace this by other phenols did not lead to 
o-mercapto-azo-compounds, the reactions taking an unexpected course. 

The diazonium salt (I) obtained either by diazotisation of 1-thiocyanato-2-naphthyl- 
amine or by the addition of potassium thiocyanate to diazotised 1-nitro-2-naphthylamine 
(II), couples with phenol in aqueous sodium carbonate, but the product, obtained in very 
good yields (84%), is 2-p-hydroxyphenylazo-l-phenoxynaphthalene (III), probably 
because coupling with phenol is slower than with 2-naphthol: displacement of the thio- 
cyanato-group in the diazonium salt (I) by the phenoxide ion, 1.e., the formation of the 
1-phenoxynaphthalene-2-diazonium ion (IV), is faster than coupling and precedes it. This 
type of replacement reaction is apparently novel. Diazotised 1-nitronaphthylamine (IT), 
when coupled directly with phenol, similarly yields the same azophenol (III), the nitro- 
group, in this case, being replaced by the phenoxide ion. The identity of the products 
confirms the suggested structure. However, it is worth noting that diazotised 1-chloro-2- 
naphthylamine, when coupled with phenol, yields only the expected 1-chloro-2-p-hydroxy- 
phenylazonaphthalene. 

p-Cresol, like phenol, with diazotised 1-thiocyanato- and 1-nitro-2-naphthylamine 
yields 2-(2-hydroxy-5-methylphenylazo)-1-f-tolyloxynaphthalene (V). From the latter 
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diazonium salt, however, the normal coupling product, 2-(2-hydroxy-5-methylpheny1- 
azo)-1-nitronaphthalene (VI) is also isolated. 
When the diazonium salt (I) is coupled with l-naphthol in the presence of sodium 
carbonate or acetate, there is, as with 2-naphthol, no replacement of the thiocyanato- 
group. An orange precipitate is first formed, rapidly becoming brown. Although 


* Parts I—III, J., 1950, 469; 1952, 1286; 1953, 959. 
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analysis of the recrystallised product corresponds to that of the desired 4-(1-thiocyanato-2- 
naphthylazo)-l-naphthol (VII), it does not show any of the expected properties. It is 
insoluble in, and is not affected by, aqueous or alcoholic sodium hydroxide, indicating the 
absence of a hydroxyl and of a thiocyanato-group. It should therefore be the cyclic 
isomer (VIII). After the coupling with 2-naphthol described earlier (Part IT), 1-(1-thio- 
cyanato-2-naphthylazo)-2-naphthol (IX) could be isolated, since it is not affected by 
sodium carbonate and is converted into the cyclic isomer (X) only on heating. Ring closure 
of 4-(1-thiocyanato-2-naphthylazo)-l-naphthol (VII) occurs much more readily, even in 
the presence of cold sodium carbonate or acetate, and its isolation is impossible. This ease 
of cyclisation should be due to its greater acidity, characteristic of p-hydroxyazo- 
compounds, facilitating the migration of the proton and the resulting isomerisation. This 
and the high yield (60—70°%) should exclude the possibility that coupling has taken place 
in the ortho-position, although no rigorous proof of structure (VIII) has been obtained. 


Cold 


Heat 
—— 


The limitations of the methods developed previously led us to investigate a possibly 
more general method of preparing o-mercaptoazo-compounds. Harnish and Tarbell 
(J. Amer. Chem. Soc., 1948, 70, 4123) have shown that aryl benzyl sulphides can be 
debenzylated easily and in good yield by aluminium bromide in cold benzene. Heating 
with hydrobromic acid in glacial acetic acid causes only partial scission of the benzyl- 
group. In agreement with the observations reported by Specklin and Meybeck whilst this 
work was in progress (Bull. Soc. chim., 1951, 18, 621), diazotisation of o-aminophenyl 
benzyl sulphide (XI) in presence of water yields only benzo-1-thia-2 : 3-diazole (XIII). 
However, we have found that the diazonium salt (XII) can be prepared by diazotisation 
with nitrosylsulphuric acid in concentrated sulphuric acid, in which it is stable. On 
addition to water, it undergoes rapid degradation to the benzothiadiazole and benzyl 
alcohol. Although some coupling with 2-naphthol can be observed immediately after 
dilution, it no longer takes place after a few minutes. This behaviour is similar to the 
degradation of the tetrazonium salt of 2: 2’-diaminodiphenyl disulphide reported in 
Part I. On direct addition in concentrated sulphuric acid to 2-naphthol in aqueous 
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alkali, diazotised o-aminophenyl benzyl sulphide (XII) couples to yield 1-o-benzylthio- 
phenylazo-2-naphthol (XIV), but there is some degradation to benzothiadiazole. The best 
yield of the azo-compound is obtained by coupling in the presence of sodium carbonate. 
In addition to (XIV), a very small amount (<2%) of 2-hydroxy-l-naphthyl o-(2-hydroxy- 
l-naphthylazo)phenyl sulphide (XIVa) is formed; this was obtained by coupling tetr- 
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azotised 2 : 2’-diaminodipheny] disulphide with 2-naphthol in aqueous sodium carbonate 
(Part I). The side-reaction is not due to the presence of traces of the disulphide in the 
starting material, but probably to hydrolysis and oxidation of o-aminophenyl benzyl 
sulphide by concentrated sulphuric acid. 

The azo-compound (XIV) was also prepared from di-o-(2-hydroxy-l-naphthylazo)- 
phenyl disulphide (XV) by reduction to the sodium salt (XVI) of the corresponding thiol, 
followed by benzylation, thus proving its structure. 

Similarly, coupling of the diazonium salt (XII) with phenol in sodium carbonate 
solution yields the alkali-soluble 2-benzylthio-4'-hydroxyazobenzene (XVII), and also, 
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unexpectedly, some 4-benzyloxy-2’-benzylthioazobenzene (XVIII). The latter is also 
obtained by treatment of the azophenol (XVII) with benzyl chloride in aqueous sodium 
hydroxide. Its formation in this reaction is due to benzylation of the azophenol, either by 
the benzyl alcohol produced by the accompanying degradation of some of the diazo- 
compound, or, more probably, by attack of the azophenoxide ion from (XVII) on the 
diazonium salt (XII), followed by degradation. Coupling in presence of aqueous sodium 
hydroxide yields a smaller amount of the azophenol (XVII), degradation being faster than 
in sodium carbonate solution, as also shown by our experiments with 2-naphthol. 
2-Amino-l-naphthyl benzyl sulphide (XXVI) has been prepared as follows: 2- 
Naphthylamine (XIX), on treatment with bromine and sodium thiocyanate in glacial 
acetic acid, yields a mixture of 1-thiocyanato-2-naphthylamine (XX) and 2-aminonaphtho- 
(2’: 1'-4: 5-thiazole (XXI), which, on fusion with alkali and aerial oxidation, is con- 
verted into crude di-(2-amino-l-naphthyl) disulphide (XXII). The latter is acetylated, 
then reduced with sodium sulphide, the sodium salt of 2-acetamido-1-mercaptonaphthalene 
(XXIV) formed is directly benzylated with benzyl chloride, and, finally, the 2-acetamido-1- 
naphthyl! benzyl sulphide (XXV) is hydrolysed to (X XVI). 
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On diazotisation, this amine behaves qualitatively like its benzene analogue. The 
diazonium salt (XXVII) is stable in concentrated sulphuric acid, but undergoes degrad- 
ation to naphtho(2’ : 1’-4 : 5)-1-thia-2 : 3-diazole (XXVIII) on addition to water. This 
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proceeds much faster than in the benzene series, no coupling being observed immediately 
after dilution with water. This quantitative difference is similar to that observed for the 
degradation by water of the tetrazonium salt of 2: 2’-diaminodiphenyl disulphide and 
di-(2-amino-l-naphthyl) disulphide (Part II). 

Addition of the solution of the diazonium salt (XX VII) in concentrated sulphuric acid 
to a solution of sodium 2-naphthoxide in sodium carbonate yields the desired 1-(1-benzyl- 
thio-2-naphthylazo)-2-naphthol (X XIX) in moderate yield, in addition to some naphtho- 
thiadiazole. The structure of the azo-compound has been confirmed by its preparation 
from di-2-(2-hydroxy-l-naphthylazo)-l-naphthyl disulphide (XXX), by reduction to the 
sodium salt of 1-(1-mercapto-2-naphthylazo)-2-naphthol (XX XI) and subsequent treat- 
ment with benzyl chloride. 
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Both 1-(2-benzylthiophenylazo)-2-naphthol and 1-(1-benzylthio-2-naphthylazo)-2-naph- 
thol are stable to a boiling mixture of concentrated hydrobromic acid and glacial acetic 
acid. 

1-(2-Benzylthiophenylazo)-2-naphthol (XIV) is debenzylated by means of aluminium 
bromide in benzene almost quantitatively to 1-o-mercaptophenylazo-2-naphthol (XXXII), 
identical with the product obtained by coupling tetrazotised 2: 2’-diaminodiphenyl di- 
sulphide with 2-naphthol, followed by reduction of the disulphide (XV) formed with sodium 
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sulphide (Part I). This has been established by the melting points, colour reactions of 
the thiol, and formation of its S-methyl ether and the sulphenic anhydride (XX XIII). The 
structure of the anhydride has been confirmed by conversion into di-o-(2-hydroxy-1- 
naphthylazo)phenyl disulphide (XV) by hydrobromic acid in boiling acetic acid, the 
sulphenyl bromide (XXXIV), which is unstable under these conditions, being undoubtedly 
an intermediate. 

The action of aluminium bromide on_1-(1-benzylthio-2-naphthylazo)-2-naphthol 
(XXIX) is similar, 1-(1l-mercaptonaphthylazo)-2-naphthol (XXXV) being obtained 
quantitatively. The latter is identical with the product obtained in the series of reactions 
starting with the coupling of 1-thiocyanatonaphthalene-2-diazonium salt with 2-naphthol 
(Parts II and III). This, again, was established by melting points and colour reactions 
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of the thiol, as well as by the formation of its S-methyl ether and of the corresponding 
disulphide (XXX). 
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Debenzylation of the azonaphthols (XIV) and (X XIX) by the action of bromine has 
also been investigated under various conditions (in cold chloroform or boiling glacial acetic 
acid, with varying quantities of bromine). However, this reaction is not very fast and is 
always preceded or accompanied by nuclear bromination, resulting in the formation of 
mixtures which are not easily separated. As an example, the preparation of a dibromodi- 
o-(2-hydroxy-1-naphthylazo)pheny] disulphide from (XIV) is described in the Experimental 
section. 


EXPERIMENTAL 


Coupling of 1-Thiocyanatonaphthalene-2-diazonium Salts with Phenol.—A solution of a 
1-thiocyanatonaphthalene-2-diazonium salt was prepared from 1-thiocyanato-2-naphthylamine 
(2 g.) or from 1-nitro-2-naphthylamine (2 g.) (for details, see Parts II and III) and added to 
phenol (5 g.) and sodium carbonate (20 g.) in water and ice (500 g.). The light brown precipitate 
formed (3-0 g., 84%) was filtered off and washed with water. MRecrystallisation from dilute 
alcohol gave yellow plates of 2-p-hydroxyphenylazo-1-phenoxynaphthalene (III), m. p. 163—165° 
(Found: C, 77-3; H, 4:8; N, 8-2. C,,H,,O,N, requires C, 77-6; H, 4-7; N, 8-2%). 

Coupling of 1-Thiocyanatonaphthalene-2-diazonium Salis with p-Cresol.—A solution of a 
1-thiocyanatonaphthalene-2-diazonium salt prepared by either of the above methods was 
coupled with p-cresol (5 g.) in presence of sodium carbonate (20 g.) in ethyl alcohol (100 c.c.) and 
water and ice (500 g.). The brown precipitate formed (3-0 g., 77%) was filtered off and washed 
with water. Recrystallisation from ethyl alcohol yielded small brown needles of 2-(2-hydroxy-5- 
methyl phenylazo)-1-p-tolyloxynaphthalene (V), m. p. 153—154° (Found: C, 77-9; H, 5-4; N, 
7°8. C,H, 9O,N, requires C, 78-3; H, 5-5; N, 7:6%). 

Coupling of 1-Nitronaphthalene-2-diazonium Sulphate with Phenol.—1-Nitro-2-naphthyl- 
amine (2 g.) was diazotised and added to phenol (5 g.) and sodium carbonate (20 g.) in water 
and ice (500 g.). The product obtained in 80% yield gave, on recrystallisation from dilute 
alcohol, 2-p-hydroxyphenylazo-1-phenoxynaphthalene, m. p. 163—165°, not depressed on 
admixture with the product prepared as above (Found: C, 77-4; H, 4:6; N, 8-2). 

Coupling of 1-Nitronaphthalene-2-diazonium Sulphate with p-Cresol.—l-Nitro-2-naphthy]l- 
amine (2 g.) was diazotised and added to a mixture of p-cresol (5 g.) in ethyl alcohol (50 c.c.) 
and sodium carbonate (20 g.) in water and ice (300 g.). The brown precipitate (2-6 g.), when 
recrystallised once from ethyl alcohol, gave a product of m. p. 130—133°. This was separated 
into several small fractions by extraction with light petroleum (b. p. 40—60°) (Soxhlet). On 
evaporation, the first fraction, m. p. 148—150°, consisted of nearly pure 2-(2-hydroxy-5-methy]l- 
phenylazo)-1-p-tolyloxynaphthalene, small brown needles [from light petroleum (b. p. 60— 
80°)), m. p. 151—153°, not depressed on admixture with the product obtained as above. The 
other fractions melted at 133—135° and consisted of a mixture of this product and 2-(2-hydroxy- 
5-methylphenylazo)-1-nitronaphthalene (VI), which could be again partly separated by the same 
process. A residue of m. p. 176—177° consisting of 2-(2-hydroxy-5-methylphenylazo)-1-nitro- 
naphthalene remained in the thimble, and on recrystallisation from ethyl alcohol yielded 
yellow needles, m. p. 181—182° (Found: C, 66-2; H, 4:4; N, 13-9. C,,H,,;0;N; requires C, 
66-4; H, 4:2; N, 13-7%). 

Coupling of 1-Chloronaphthalene-2-diazonium Sulphate with Phenol.—A solution of 1-chloro-2- 
naphthylamine hydrochloride (2 g.) in 10% sulphuric acid (50 c.c.), water and ice (200 g.) was 
diazotised with sodium nitrite (1 g.) in a small amount of water, and added to phenol (5 g.) and 
sodium carbonate (20 g.) in water and ice (300 g.). The precipitate formed (2-4 g., 91%), 
recrystallised from dilute alcohol, gave orange-yellow needles of 1-chloro-2-p-hydroxyphenylazo- 
naphthalene, m. p. 160° (Found: C, 68-1; H, 4-1; N, 9-8. Cj,H,,ON,Cl requires C, 68-0; H, 
3-9; N, 9-9%). 

Coupling of 1-Thiocyanatonaphthalene-2-diazonium Salts with 1-Naphthol.—A solution of a 
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1-thiocyanatonaphthalene-2-diazonium salt, prepared by either of the methods indicated above, 
was added to i-naphthol (5 g.), sodium hydroxide (2 g.), and sodium carbonate (20 g.) in water 
and ice (500 g.). During coupling, the orange precipitate first formed gradually changed to a 
purple-brown one. It was digested with methyl alcohol (100 c.c.) (yield of residue, 2-6 g., 69%). 
Recrystallisation from glacial acetic acid gave very dark crystals of the cyclic product (VIII), 
m. p. 303—305°, which dissolve in organic solvents with a brownish-red colour and in 
concentrated sulphuric acid with a purplish-red colour (Found: C, 71:3; H, 3-8; N, 11:8. 
C,,H,,ON,S requires C, 71-0; H, 3-7; N, 11-8%). The product is insoluble in aqueous or 
alcoholic sodium hydroxide. 

Coupling was also carried out in sodium acetate, yielding again only the cyclised compound 
(2-2 g., 62%). 

o-Aminophenyl Benzyl Sulphide (XI).—This was prepared by an improved method of 
reducing benzyl o-nitrophenyl sulphide : this compound (18-2 g.), fine iron dust (24 g.), toluene 
(100 c.c.), and water (30 c.c.) were boiled under reflux with good stirring. Glacial acetic acid 
(3 c.c.) was then added and heating continued for 4 hr. The mixture was made alkaline with a 
little sodium hydroxide and steam-distilled. The toluene was discarded and the colourless, 
almost pure o-aminophenyl benzyl sulphide was collected (14-6 g., 91%). One crystallisation 
from light petroleum (b. p. below 40°) gave colourless plates, m. p. 43—44° (Sieglitz and Koch, 
Ber., 1925, 58, 78, give m. p. 45°). Z 

Action of Water on Diazotised 0o-Aminophenyl Benzyl Sulphide.—Well-powdered o-amino- 
phenyl benzyl sulphide (2 g.) was added with stirring to nitrosylsulphuric acid (1 g. of sodium 
nitrite in 15 c.c. of concentrated sulphuric acid) at —5°, and stirred for 10—15 min. Addition 
to ice and water (150 g.) gave an immediate precipitate. A few drops of the aqueous mixture 
were added to an alkaline solution of 2-naphthol, ared precipitate being formed. The amount 
of coupling gradually decreased with time until, after 6 min., only a red colour was observed. 
After 2 hr., the coupling power of the solution had disappeared entirely. Steam-distillation of 
the mixture yielded benzothiadiazole (0-6 g., 47%), m. p. 33—34°, also obtained directly by 
normal diazotisation in aqueous conditions of 0-aminophenyl benzyl sulphide. 

Coupling of Diazotised 0o-Aminophenyl Benzyl Sulphide with 2-Naphthol_—A diazonium 
solution prepared from o-aminopheny] benzyl sulphide (2 g.) and nitrosylsuiphuric acid as above 
was slowly added to a well-stirred solution of 2-naphthol (3 g.), sodium hydroxide (2 g.), and 
sodium carbonate (70 g.) in water and ice (1500 g.). After 2 hr.’ stirring the red precipitate 
was filtered off, washed with water, and digested with methyl alcohol (30 c.c.) in order to remove 
any benzothiadiazole (residue, 2-7 g., 77%). Recrystallisation from glacial acetic acid or ethyl 
alcohol gave dark red needles of 1-0-benzylthiophenylazo-2-naphthol (XIV), m. p. 161—162°, 
which dissolve in organic solvents with an orange colour and in concentrated sulphuric acid 
with a violet colour which slowly becomes brown (Found: C, 73-9; H, 4:9; N, 7:8. 
C,,H,,ON,S requires C, 74:6; H, 4:9; N, 7-6%). The methanolic mother-liquor gradually 
yielded 0-05 g. of 2-hydroxy-l-naphthyl o-(2-hydroxy-1l-naphthylazo)phenyl sulphide, m. p. 
226—227° after recrystallisation from xylene, not depressed in admixture with a pure sample 
obtained by coupling diazotised 2: 2’-diaminodiphenyl disulphide with 2-naphthol in sodium 
carbonate solution (cf. Part I). 

Coupling diazotised o-aminophenyl benzyl sulphide with 2-naphthol in aqueous sodium 
hydrogen carbonate instead of sodium carbonate gave similar results, the yield of 1-o-benzylthio- 
phenylazo-2-naphthol being 1-4 g. (41%), and that of 2-hydroxy-l-naphthyl o-(2-hydroxy- 
-1-naphthylazo)phenyl sulphide, 0-05 g. Coupling in aqueous sodium hydroxide did not yield 
any of the latter compound but 1-8 g. (52%) of the former. 

1-o-Benzylthiophenylazo-2-naphthol was also obtained by reducing di-o-(2-hydroxy-1- 
naphthylazo)phenyl disulphide (XV) with sodium sulphide in cold ethyl alcohol (cf. Part I) 
and treating the sodium salt of 1-o-mercaptophenylazo-2-naphthol (XVI) thus obtained with 
benzyl chloride. Recrystallisation of this product from ethyl alcohol gave red needles, m. p. 
161—162°, not depressed on admixture with the product obtained as above. 

Coupling of Diazotised 0-Aminophenyl Benzyl Sulphide with Phenol.—A diazonium solution 
prepared from o-aminophenyl benzyl sulphide (2 g.) and nitrosylsulphuric acid as above was 
slowly added to phenol (3 g.) and sodium carbonate (65 g.) in water and ice (1500 g.). A tar, 
smelling strongly of benzothiadiazole, was obtained, filtered off, and treated with 5% aqueous 
sodium hydroxide (100 c.c.). On stirring, part of the tar dissolved, leaving yellow crystals 
of 4-benzyloxy-2’-benzylthioazobenzene (XVIII) (0-55 g., 15%). Recrystallisation from ethyl 
alcohol yielded orange-yellow needles, m. p. 143—144° (Found: C, 76-0; H, 5-3; N, 6-6. 
C,,H,,ON,S requires C, 76-1; H, 5-4; N, 68%). Acidification of the alkaline mother-liquor 
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yielded a tar which was filtered off and extracted with boiling light petroleum (b. p. 60—80°). 
On concentration of this solution 2-benzylthio-4’-hydroxyazobenzene (XVII) crystallised (0-3 g., 
10%). Recrystallisation from the same solvent gave orange needles, m. p. 107—109° (Found : 
C, 72-2; H, 5:1; N, 8-7. C,,H,,ON,S requires C, 71:3; H, 5-0; N, 8:7%). 

Coupling in presence of sodium hydroxide (35 g.) instead of sodium carbonate gave the same 
products (yields: 4-benzyloxy-2’-benzylthioazobenzene, 1-2 g., 33%; 2-benzylthio-4’-hydroxy- 
azobenzene, 0-05 g., 2%). 

Conversion of 2-Benzylthio-4’-hydroxyazobenzene into 4-Benzyloxy-2’-benzylthioazobenzene.— 
2-Benzylthio-4’-hydroxyazobenzene (0-45 g.) was dissolved in water (3 c.c.) containing sodium 
hydroxide (0-25 g.). Benzyl chloride (9-75 g.) and ethyl alcohol (9 c.c.) were added, and the 
mixture kept at room temperature for 48 hr. It was then warmed gradually to 70° during 4 hr. 
4-Benzyloxy-2’-benzylthioazobenzene separated on cooling. Recrystallisation from ethyl 
alcohol gave a product of m. p. 143—144°, not depressed on admixture with the compound 
obtained directly in the coupling reaction as above. 

Di-(2-acetamido-1|-naphthyl) Disulphide (XXIII).—2-Naphthylamine (71 g.) in 96% acetic 
acid (450 c.c.) was mixed with sodium thiocyanate (160 g.) in 96% acetic acid (1200 c.c.) and 
cooled to —5°. Bromine (25 c.c.) in acetic acid (350 c.c.) was added dropwise, with vigorous 
stirring. The precipitate, consisting of the salts of 1-thiocyanato-2-naphthylamine and 2- 
aminonaphthothiazole, was filtered off, washed with 10% sodium hydroxide, and finally with 
water, and dried (cf. Kaufmann and Oehring, Ber., 1926, 59, 187). This product was fused 
with potassium hydroxide (300 g.) for 1 hr. at 200—220°. The cooled melt was dissolved in 
water (1500 c.c.), the solution was filtered, and air passed through it for 24 hr. The precipitate 
of di-(2-amino-l-naphthyl) disulphide formed was boiled under reflux with a mixture of glacial 
acetic acid (40 c.c.) and acetic anhydride (40 c.c.) for 1 hr. Addition of the resulting solution 
to a large amount of water yielded di-(2-acetamido-1-naphthyl) disulphide (66 g., 61% calc. from 
2-naphthylamine). MRecrystallisation from chlorobenzene or glacial acetic acid gave yellow 
plates, m. p. 223—224° (Found: C, 66-5; H, 4:6; N, 6-8. C,,H,,O,N.S, requires C, 66-7; H, 
4-6; N, 65%). 

2-Acetamido-\-naphthyl Benzyl Sulphide (XK XV).—To a boiling solution of di-(2-acetamido-1- 
naphthyl) disulphide (60 g.) in ethyl alcohol (2 1.), sodium sulphide nonahydrate (120 g.) in water 
(600 c.c.) was gradually added. The solution was filtered and benzyl chloride (90 c.c.) slowly 
added under reflux. After 15 min., water (2 1.) was added, the mixture cooled, and the 
precipitate of 2-acetamido-l-naphthyl benzyl sulphide collected in almost quantitative yield. 
Recrystallisation from ethyl alcohol gave colourless needles, m. p. 100—101° (Found: C, 
74-2; H, 5-6; N, 4-5. C,,H,,ONS requires C, 74-3; H, 5-5; N, 4:6%). 

2-Amino-l-naphthyl Benzyl Sulphide (XXVI).—Sodium hydroxide (300 g.) in water (1 1.) 
was added to 2-acetamido-l-naphthyl benzyl sulphide (80 g.) in ethyl alcohol (2 1.) and the 
mixture boiled for 3—4 hr. Water (2 1.) was added, and after cooling the precipitate of 
2-amino-l-naphthyl benzyl sulphide obtained in almost quantitative yield was filtered off and 
washed with water. It crystallised from dilute alcohol as colourless needles, m. p. 64—65° 
(Found: C, 77:0; H, 6-0; N, 5-2. C,,H,;NS requires C, 77:0; H, 5-6; N, 5-3%). 

Action of Water on Diazotised 2-Amino-l-naphthyl Benzyl Sulphide.—Well-powdered 2- 
amino-l-naphthyl benzyl sulphide (1 g.) was added to well-stirred nitrosylsulphuric acid (0-4 g. 
of sodium nitrite in 5 c.c. of concentrated sulphuric acid) at 0°, stirring being continued for 
30 min. Addition to water and ice (100 g.) resulted in the immediate formation of a precipitate 
of naphtho(2’: 1’-4: 5)-1-thia-2: 3-diazole (0-45 g., 64%). MRecrystallisation from light 
petroleum (b. p. 60—80°) gave yellow needles, m. p. 88° (Jacobson and Schwartz, Annalen, 1893, 
277, 260, give 89°). It was also formed directly by diazotisation of the sulphide in aqueous 
conditions. 

Coupling of Diazotised 2-Amino-l-naphthyl Benzyl Sulphide with 2-Naphthol.—A diazonium 
solution formed from 2-amino-l-naphthyl benzyl sulphide (5 g.) in nitrosylsulphuric acid (2 g. 
of sodium nitrite in 50 c.c. of concentrated sulphuric acid) was added to 2-naphthol (15 g.), 
sodium hydroxide (5 g.), and sodium carbonate (300 g.) in water and ice (2000 g.) with stirring. 
After a few minutes, sodium hydroxide (80 g.) was added, and the red precipitate of 1-(1-benzyl- 
thio-2-naphthylazo)-2-naphthol (X XIX) filtered off and washed with dilute sodium hydroxide and, 
finally, with water (yield, 3-6 g., 45%). Recrystallisation from glacial acetic acid gave red 
needles with a green lustre, m. p. 205° (Found: C, 76-7; H, 4:7; N, 6-6. C,,H, ON,S requires 
C, 77:1; H, 4:8; N,6-7%). Steam-distillation of the mother liquor yielded naphthothiadiazole 
(1-8 g., 53%) of m. p. 88°. 

1-(1-Benzylthio-2-naphthylazo)-2-naphthol was also prepared by reduction of di-[2-(2- 
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hydroxy-1-naphthylazo)-1l-naphthyl] disulphide with sodium sulphide in boiling ethyl alcohol 
(cf. Part II), and treating the solution of the sodium salt of 1-(1-mercapto-2-naphthylazo)-2- 
naphthol thus obtained with benzyl chloride. Recrystallisation of the product from glacial 
acetic acid gave red needles, m. p. 205°, not depressed on admixture with the product obtained 
above. 

Action of Hydrobromic Acid on 1-0-Benzylthiophenylazo-2-naphthol.—1-o-Benzylthiophenyl- 
azo-2-naphthol (0-5 g.) in acetic acid (25 c.c.) was heated under reflux, and hydrobromic acid 
(48%; 25 c.c.) was added. Boiling was continued for 30 min., the solution poured into ice- 
water, and the precipitate filtered off and washed with water. This proved to be the starting 
material recovered in almost quantitative yield. 

Action of Aluminium Bromide on 1-0-Benzylthiophenylazo-2-naphthol.—1-o-Benzylthio- 
phenylazo-2-naphthol (2:5 g.) in dry benzene (200 c.c.) was treated with aluminium bromide 
(2-8 g.) in dry benzene (25 c.c.) and set aside for 24 hr. The purple precipitate formed was 
filtered off, freed from benzene im vacuo over paraffin wax, and slowly added to stirred 
concentrated hydrochloric acid (20 c.c.) and ice (400 g.). The red precipitate of l-o-mercapto- 
phenylazo-2-naphthol (XXXII), obtained in almost quantitative yield, was recrystallised from 
benzene by evaporation at room temperature under a reduced pressure of carbon dioxide as red 
plates, sintering at 118° and melting at 183—185°. It is identical with the product already 
described (Parts I and II) as shown by mixed m. p., oxidation in boiling xylene to o-(2-hydroxy- 
i-naphthylazo)benzenesulphenic anhydride (XXXIII), m. p. 241—243°, and formation of 
1-o-methylthiophenylazo-2-naphthol, m. p. 163—164°, when shaken with sodium sulphide 
added to prevent oxidation), sodium hydroxide, and methyl sulphate. 

Conversion of 0-(2-Hydroxy-1-naphthylazo)benzenesulphenic Anhydride into Di-o-(2-hydroxy- 
l-naphthylazo)phenyl Disulphide.—Concentrated hydrobromic acid (1 c.c.) was added to a 
suspension of o-(2-hydroxy-l-naphthylazo)benzenesulphenic anhydride (0-25 g.) in boiling 
glacial acetic acid (15 c.c.), and boiling allowed to proceed for 10 min. until the solid completely 
dissolved. After cooling, water (150 c.c.) and 10% sodium hydroxide solution (5 c.c.) were 
added, and the precitate formed (0-19 g., 81%) was recrystallised from benzene, giving dark 
red needles of di-o-(2-hydroxy-1-naphthylazo) phenyl disulphide, m. p. 233—234°, not depressed 
on admixture with a sample prepared from tetrazotised 2 : 2’-diaminodiphenyl disulphide and 
2-naphthol (cf. Part I). 

Action of Hydrobromic Acid on 1-(1-Benzylthio-2-naphthylazo)-2-naphthol.—1-(1-Benzylthio- 
2-naphthylazo)-2-naphthol (0-5 g.) in glacial acetic acid (20 c.c.) was heated under reflux, and 
48% hydrobromic acid (20 c.c.) added. Boiling was continued for 30 min. and the mixture 
poured into ice water. The red precipitate of the starting material was recovered almost 
quantitatively. 

Action of Aluminium Bromide on 1-(1-Benzylthio-2-naphthylazo)-2-naphthol.—A solution of 
freshly distilled aluminium bromide (2 g.) in dry benzene (100 c.c.) was added to a solution of 
1-(1-benzylthio-2-naphthylazo)-2-naphthol (2 g.) in dry benzene (400 c.c.) and the mixture 
shaken for 60 hr. The dark purple precipitate formed was filtered off, freed from benzene 
im vacuo over paraffin wax, and treated with concentrated hydrochloric acid (15 c.c.) and ice 
(300 g.), and the red precipitate of 1-(1-mercapto-2-naphthylazo)-2-naphthol (XX XV), obtained 
in almost quantitative yield, was recrystallised from toluene in an atmosphere of nitrogen, to 
give small orange plates, m. p. 246—247°, not depressed on admixture with the thiol obtained 
by the reduction of di-[2-(2-hydroxy-l-naphthylazo)-1-naphthyl] disulphide (Part II, where the 
m. p. was erroneously given as 232—-234°). This was also confirmed by its oxidation to di-[2- 
(2-hydroxy-1-naphthylazo)-1l-naphthyl] disulphide, m. p. 242—244°, and methylation to 1-(1- 
methylthio-2-naphthylazo)-2-naphthol, m. p. 174° (Part II). 

Action of Bromine on 1-0-Benzylthiophenylazo-2-naphthol.—A solution of 1-o-benzylthio- 
phenylazo-2-naphthol (1-5 g.) and bromine (1-3 g., 4 atoms) in chloroform (50 c.c.) was kept 
for 8 days at room temperature. Dry ether (125 c.c.) was added and the precipitate formed 
was washed withether. Treatment with boiling glacial acetic acid (200 c.c.), in order to convert 
any sulphenyl bromide into the corresponding disulphide, followed by addition of water 
(1000 c.c.), gave a red precipitate (1-0 g., 69°) consisting mainly of a dibromodi-o-(2-hydroxy-1- 
naphthylazo)phenyl disulphide, which on crystallisation from benzene was obtained as dark red 
needles with a green lustre, m. p. 235—236° (Found: N, 7:8; Br, 23:3. C3,H,.O,N,S,Br, 
requires N, 7-8; Br, 22-4%). Its m. p. was depressed by that of the unbrominated parent 
substance (cf. Part I), but otherwise it showed similar properties. It dissolves in organic 
solvents with a violet colour and in concentrated sulphuric acid with a light brown colour. 

The crude disulphide (1 g.) in ethyl alcohol (50 c.c.) was reduced by shaking it with sodium 
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sulphide nonahydrate (2 g.) in water (10 c.c.) at room temperature for 4 hr. On addition of 
water (150 c.c.) and sodium chloride, the sodium salt of a bromo-l-o-mercaptophenylazo-2- 
naphthol was precipitated as dark violet needles with a bronze lustre. Acidification with 
concentrated hydrochloric acid (20 c.c.) of a suspension of this salt in ethyl alcohol (35 c.c.) and 
water (150 c.c.) yielded a red bromo-1-o-mercaptophenylazo-2-naphthol in almost quantitative 
yield. Crystallisation by evaporation of its cold benzene solution under reduced pressure of 
carbon dioxide gave red plates, sintering at 110°, m. p. 198—200° (Found: C, 54-5; H, 3-5; N, 
7-4. C,,H,,ON,SBr requires C, 53-5; H, 3-1; N, 7-8%). Crystallisation of the thiol from 
boiling xylene in the presence of air yielded, as in the case of the unbrominated parent substance 
(Part I), a dibromo-o-(2-hydroxy-\-naphthylazo)benzenesulphenic anhydride as brownish-red 
crystals, m. p. 234—235° (Found: C, 53-5; H, 2-7; N, 7-7. C3,H9O3;N,S,Br, requires C, 
52-5; H, 2-7; N, 7-7%). This was reconverted into the corresponding disulphide described 
above (mixed m. p.) by boiling hydrobromic acid in glacial acetic acid. 

Treatment of a crude sample of the thiol with aqueous sodium hydroxide and methyl 
sulphate in the presence of sodium sulphide gave a bromo-1-o-methylthiophenylazo-2-naphthol 
which was not obtained completely free from the corresponding unbrominated compound. 
Crystallisation from ethyl alcohol gave fine red needles, m. p. 135—136° (Found: C, 58-3; H, 
3-7; N, 7-8. Calc. for C,,H,,ON,SBr: C, 54-7; H, 3-5; N, 7-5. Calc. for C,,H,,ON,S: C, 
69-4; H, 4:8; N, 95%). 
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o-Mercapto-azo-compounds. Part V.* Preparation and Debenzylation 
of 2-Benzylthioazobenzene. 
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2-Benzylthioazobenzene is converted quantitatively by bromine in 
glacial acetic acid into azobenzene-2-sulpheny] bromide, which is also obtained, 
in addition to 3-benzylthiobenzidine dihydrobromide, by the action of hydro- 
bromic acid. The course of the latter reaction is elucidated. Azobenzene-2- 
sulphenyl bromide is converted by alkali into sodium azobenzene-2-sulphinate 
and di-(o-phenylazophenyl) disulphide. The action of aluminium bromide 
on 2-benzylthioazobenzene is complex. 


As shown in Part IV,* 1-(0-benzylthiophenylazo)-2-naphthol (I) and 1-(1-benzylthio- 
2-naphthylazo)-2-naphthol (II) are rather stable towards hydrobromic acid, but are 
debenzylated by aluminium bromide in benzene in almost quantitative yield. We have 
investigated the debenzylation of 2-benzylthioazobenzene (III), the simplest member of 
this series, which has been obtained by condensing nitrosobenzene with o-benzylthioaniline 
in glacial acetic acid. In contrast to the azonaphthols (I and II), 2-benzylthioazobenzene 
S:‘CH,?h HO 
YD 
WF r jon 
VF 
is debenzylated in a few minutes with hot concentrated hydrobromic acid, alone or, pre- 
ferably, in mixture with glacial acetic acid. However, as in most of the earlier experiments 
aiming at the preparation of o-mercaptoazo-compounds, this reaction takes an unexpected 
and complicated course: it yields, instead of 2-mercaptoazobenzene, the sparingly water- 
soluble dihydrobromide of 3-benzylthiobenzidine (IV) and the water-soluble azobenzene- 
2-sulphenyl bromide (V). 
3-Benzylthiobenzidine has been characterised as its dibenzoate and as 6-p-(2-hydroxy- 
1-naphthylazo)phenylbenzo-1-thia-2 : 3-diazole (VIII) obtained by tetrazotisation in 


* Part IV, preceding paper. 
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aqueous conditions and coupling with 2-naphthol. The intermediate diazonium salt (VII) 
is formed by spontaneous debenzylation of the tetrazonium salt (VI), as in the diazotisation 
of o-benzylthioaniline and 1-benzylthio-2-naphthylamine (Part IV). 3-Benzylthiobenzidine 


$°CI 1,Ph 
~ S_n= N inf im 
as pe 


HBr 


(111) 


has also been prepared by an unambiguous method. 2-Benzylthioazobenzene (III) is 
reduced with zinc and sodium hydroxide in ethy] alcoholic solution to 2-benzylthiohydrazo- 
benzene (I[Xa) which when treated with hydrobromic acid undergoes a benzidine rearrange- 
ment with formation of the dihydrobromide of (IV). 
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Azobenzene-2-sulphenyl bromide shows many of the characteristic reactions of sulpheny] 
halides. With dimethylaniline and 2-naphthylamine in glacial acetic acid, it yields 
p-dimethylaminophenyl o-phenylazophenyl sulphide and o-phenylazophenyl 2-amino- 
naphthyl sulphide respectively. On addition of sodium hydroxide, its aqueous solution 
becomes blue-violet, indicating the intermediate formation of sodium azobenzene-2- 
sulphenate (IX) which slowly disappears to form the orange di-(o-phenylazopheny]l) 
disulphide (X) and yellow sodium azobenzene-2-sulphinate (XI) (for the similar behaviour 
of other sulphenyl halides see, ¢.g., Zinke and Farr, Annalen, 1912, 391, 51; Fries, Ber., 
1912, 45, 2965; Burawoy and Turner, /., 1950, 469; Kharasch, Potempa, and Wehrmeister, 
Chem. Reviews, 1946, 39, 269). 

pot SONa S 50,Na 
(i '—e [panin—C ¢ ») —> (PhN:N— 
(IX) (X) (XI) 


Di-(o-phenylazophenyl) disulphide (X) is reduced by sodium sulphide or glucose and 
alkali to the red sodium salt of 2-mercaptoazobenzene which, without isolation, is directly 
converted by methyl sulphate into 2-methylthioazobenzene, identical with the product 
obtained from nitrosobenzene with o-methylthioaniline in acetic acid. 2-Mercaptoazo- 
benzene itself could not be isolated in a pure state, since it is very easily oxidised to the 
disulphide, but its existence in solution is shown, not only by the above-mentioned conver- 
sion into the methyl ether, but also its extraction by sodium hydroxide from organic 
solvents. A stable complex salt with copper has also been obtained. Its ease of oxidation 
is similar to that of its para-isomer (cf. Leuckhart, J. pr. Chem., 1890, 41, 179). 

Acidification of the aqueous solution of sodium azobenzene-2-sulphinate yields the 
free sulphinic acid which, although it crystallises as yellowish prisms from aqueous methyl 
alcohol, is colourless as a powder and gives colourless solutions in purely organic solvents. 
The absence of colour appears to exclude the presence of an azo-group in this substance. 
On the other hand, it shows the characteristic properties of other sulphinic acids. It is 
unstable to heat and is converted almost quantitatively into azobenzene-2-sulphenyl 
bromide by boiling hydrobromic-acetic acid, sulphinic acids being known to form the 
corresponding disulphides or sulphenyi bromides in these conditions (cf. Fries, loc. cit. ; 
Fries and Schiirmann, Ber., 1914, 47, 1195). It also forms with 4-nitrobenzyl bromide in 
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alcoholic sodium hydroxide the crystalline orange-yellow 4-nitrobenzyl o-phenylazopheny] 
sulphone (XII). Whether this sulphinic acid exists as a tautomer of structure (XIII) or 


(XIV) is under investigation. 


SO,°CH,’C, Hy NO, ,O—SO SO, SBr; 
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The action of hydrobromic acid on 2-benzylthioazobenzene may now be explained. It 
is initiated by debenzylation of some of the starting material to the thiol, which is quickly 
dehydrogenated by unchanged 2-benzylthioazobenzene with formation of the disulphide 
and 2-benzylthiohydrazobenzene. Then, (a) the latter undergoes a benzidine rearrange- 
ment (as independently confirmed above) to 3-benzylthiobenzidine which is more 
resistant to debenzylation; and (b) the disulphide reacts with hydrobromic acid to form 
azobenzene-2-sulphenyl bromide and 2-mercaptoazobenzene which again undergoes dis- 
proportionation with unchanged starting material. (We have confirmed that in these 
conditions the disulphide undergoes scission and is converted into the sulphenyl bromide 
almost quantitatively, the thiol formed being in this case continuously reoxidised by aerial 
oxidation to the disulphide.) In the total reaction equimolecular quantities of azobenzene- 
2-sulphenyl bromide and 3-benzylthiobenzidine are formed, in agreement with our findings. 
The observation that the yield of the sulphenyl bromide obtained in varying conditions 
consistently approached 50% has been an important factor in the elucidation of the 
mechanism : it excludes the possibility that 3-benzylthiobenzidine is the product of a side- 
reaction, unrelated to the debenzylation and formation of the sulphenyl bromide, as in 
degradation of azobenzene by hydrobromic-acetic acid to a mixture of bromoanilines, 
2: 4-dibromoaniline, and benzidine (Tichwinski, J. Russ. Phys.-chem. Soc., 1903, 35, 667). 


2Ph:N:N-C,H,:S:CH,Ph + 4HBr=Ph:N:N-C,H,-SBr + H,N-C,HyC,H,(SCH,Ph)-NH,,2HBr + PhCH,Br 


Elucidation of this reaction led to an improved preparation of azobenzene-2-sulpheny] 
bromide: on addition of an excess of azobenzene to the reaction mixture, the bromide is 
obtained in almost quantitative yield, azobenzene replacing 2-benzylthioazobenzene as 
hydrogen acceptor. Addition of one molecule of bromine has the same result ; but bromine 
does not serve as hydrogen acceptor, since even in the absence of hydrobromic acid it 
rapidly splits 2-benzylthioazobenzene quantitatively into the sulphenyl bromide and 
benzyl bromide. This provides the most convenient method of debenzylation and in 
contrast with the slower and more complex action of bromine on 1-(0-benzylthiophenylazo)- 
2-naphthol (I) and 1-(1-benzylthio-2-naphthylazo)-2-naphthol (II) (cf. Part IV). On 
treatment of 2-benzylthioazobenzene or azobenzene-2-sulphenyl bromide with an excess 
of bromine in glacial acetic acid, pure azobenzene-2-sulpheny] tribromide (XV) crystallises 
out. Treatment with sodium hydroxide does not give the blue-violet colour of sodium 
azobenzene-2-sulphenate as observed with azobenzene-2-sulphenyl bromide (cf. above) 
and its subsequent disproportionation, but forms a red solution from which sodium 
azobenzene-2-sulphinate (XI) is obtained in almost quantitative yield, thus supporting 
structure (XV). Attempts to crystallise this substance led to partial dissociation into 
the sulphenyl bromide and bromine. It is the first sulphenyl tribromide isolated. 

Attempts to debenzylate 2-benzylthioazobenzene with aluminium bromide in benzene 
proved unsatisfactory, no thiol or disulphide being formed. The reaction was much more 
complicated than in the case of the azonaphthols (I) and (II). Extraction of the reaction 
mixture with water and hot hydrobromic acid yielded 35% of azobenzene-2-sulphenyl 
bromide, together with a high-melting insoluble product which was not investigated. 


EXPERIMENTAL 
2-Benzylthioazobenzene (I11).—Nitrosobenzene (5-6 g.), o-benzylthioaniline (10 g.), and acetic 
acid (125 c.c.) were heated at 50° for 15 min. and then set aside overnight. The precipitate of 
almost pure 2-benzylthioazobenzene was filtered off and washed with light petroleum (yield, 
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12-2 g., 86%). It crystallised from benzene or light petroleum (b. p. 60—80°) as orange needles, 
m. p. 132—133° (Found: C, 74:4; H, 5-1; N, 9-1. C,H,,N.S requires C, 75-0; H, 5-3; N, 
9-2%). ‘ 

Action of Hydrobromic Acid on 2-Benzylthioazobenzene.—2-Benzylthioazobenzene (3 g.) was 
refluxed with acetic acid (45 c.c.) and 48% hydrobromic acid (30 c.c.) for 4 min. The orange 
solution became green and was set aside overnight. The precipitate of 3-benzylthiobenzidine 
dihydrobromide (0-85 g., 18-4%) crystallised from ethyl alcohol containing hydrobromic acid as 
silvery needles, m. p. >300° (Found: C, 48-6; H, 4:3; Br, 34-5. C,,H,)N,SBr, requires C, 
48-7; H, 4:3; Br, 34-2%). Water was added to the filtrate, which was extracted with light 
petroleum to remove benzyl bromide and subsequently with chloroform until the extract did 
not give the blue-violet colour characteristic for azobenzene-2-sulphenyl bromide with aqueous 
sodium hydroxide. The chloroform solutions were concentrated to a small volume, and the 
yellow azobenzene-2-sulphenyl bromide (1-4 g., 48%) was precipitated by addition of light petrol- 
eum. It crystallised from benzene or ethyl alcohol as yellow needles, m. p. 223—224° (Found : 
C, 49-4; H, 3-1; H, 9-6. C,,H,N,SBr requires C, 49-2; H, 3:1; N, 9:6%). The aqueous 
layer was made alkaline and extracted with ether, from which crude 3-benzylthiobenzidine was 
obtained (0-55 g., 18-2%). The results were similar, if the reaction time was 2 hr. or the 2- 
benzylthioazobenzene was refluxed with 48% hydrobromic acid alone, but the dihydrobromide 
was then less pure. 

A solution of the dihydrobromide (2 g.) in hot water (200 c.c.) was cooled and aqueous sodium 
hydroxide and salt were added. The precipitate of 3-benzylthiobenzidine was crystallised 
first from aqueous ethyl alcohol (yield, 1 g., 76%) and, finally, from benzene-light petroleum 
(b. p. 60—80°), forming colourless needles, m. p. 78-5° (Found: C, 74:6; H, 6-0; N, 9-0. 
C,9H,,N.S requires C, 74:5; H, 5-9; N, 9-2%). A suspension of the dihydrobromide (1 g.) in 
aqueous ethyl alcohol (50 c.c.), 10% aqueous sodium hydroxide (10 c.c.), and benzoyl chloride 
(4 c.c.) was shaken for 30 min. The precipitated dibenzoate (0-75 g., 68%) crystallised from 
ethyl alcohol as needles, m. p. 203° (sinters at 170—180°; or melts and resolidifies, according 
to the rate of heating; a molten and resolidified specimen behaved similarly) (Found: C, 76-7; 
H, 5-2; N, 5-3. C,,H,,0,N,S requires C, 77-0; H, 5-1; N, 5-5%). 

6-p-(2-Hydroxy-1-naphthylazo) phenylbenzo-1-thia-2 : 3-diazole (VIII).—Sodium nitrite (0-5 g.) 
in water (10 c.c.) was added at 0° to a suspension of 3-benzylthiobenzidine dihydrobromide (0-75 
g.) in water (200 c.c.) and 48% hydrobromic acid (2 c.c.). A strong smell of benzyl bromide 
developed. The diazonium solution was added to a solution of 2-naphthol in aqueous sodium 
hydroxide with stirring. Next morning the red benzothiadiazole (0-52 g., 64%) was filtered 
off. It crystallised from benzene as long red needles, m. p. 227—-228°, with a green metallic 
sheen containing benzene of crystallisation (Found, after drying in a vacuum at 70° for 3 hr. : 
C, 71-5; H, 4:2; N, 12-9; loss of wt., 8-9. After drying at 100° in a vacuum for 10 hr.: C, 
69-0; H, 3-9; N, 14-8. C,,.H,4ON,S,$C,H, requires C, 71:3; H, 4:1; N, 13-3; C,gH,, 9-3. 
C,,.H,,ON,S requires C, 69-1; H, 3-6; B, 14:7%). 

Alternative Preparation of 3-Benzylthiobenzidine Dihydrobromide.—Zinc dust (12 g.) and 10% 
aqueous sodium hydroxide (30 c.c.) were added in small amounts alternately with stirring to a 
boiling solution of 2-benzylthioazobenzene (1-75 g.) in ethyl alcohol (175 c.c.). After 2 hours’ 
refluxing the solution became colourless and was filtered hot, the residue being washed with 
hot ethyl alcohol (20 c.c.). Hydrobromic acid (48%; 200 c.c.) was added to the combined 
filtrates. On cooling, the benzidine dihydrobromide separated (2-0 g., 74%). It was converted 
into the base, the dibenzoate, and the thiadiazole, which were identified by mixed m. p.s. 

Action of Hydrobromic Acid on 2-Benzylthioazobenzene in Presence of Azobenzene.—2-Benzyl- 
thioazobenzene (3 g.) and azobenzene (3 g.) were refluxed with acetic acid (80 c.c.) and 48% 
hydrobromic acid (45 c.c.) for 4 min. After cooling and filtration, water was added and the 
solution extracted with chloroform from which azobenzene-2-sulphenyl bromide (2-7 g. 93%) 
was obtained by precipitation with light petroleum. 

Action of Hydrobromic Acid on 2-Benzylthioazobenzene in Presence of 1 Mol. of Bromine.— 
Bromine (5-3 g.) in 48% hydrobromic acid (50 c.c.) was added to a solution of 2-benzylthioazo- 
benzene (10 g.) in boiling acetic acid (120 c.c.). The solution was refluxed for 4 min., cooled, 
and after addition of water extracted with chloroform, from which almost pure azobenzene-2- 
sulphenyl bromide was isolated as above, having m. p. 212—218° (9-2 g., 95%). 

Action of 1 Mol. of Bromine on 2-Benzylthioazobenzene.—Bromine (0-53 g.) in glacial acetic 
acid (2-5 c.c.) was added to a solution of 2-benzylthioazobenzene (1 g.) in boiling acetic acid 
(25 c.c.). The solution was refluxed for 4 min.; on cooling, almost pure azobenzene-2-sulphenyl] 
bromide separated in long yellow needles, m. p. 223° (0-75 g., 78-0%). The filtrate was diluted 


94 o-Mercapto-azo-compounds. Part V. 


with water and extracted with chloroform, from which an additional 0-15 g. (15%) of the 
sulphenyl bromide was obtained. j 

Action of Sodium Hydroxide on Azobenzene-2-Sulphenyl Bromide.—Aqueous sodium hydroxide 
(45 c.c.) was added to azobenzene-2-sulphenyl bromide (4 g.) in water (400 c.c.) at 40°. _Immedi- 
ately the solution became blue-violet ; orange di-(o-phenylazophenyl) disulphide slowly separated 
(1-85 g., 95%) and was collected after 24 hr. Crystallisation from light petroleum (b. p. 80—100°) 
gave orange rosettes or needles, m. p. 142° (Found: C, 67-7; H, 4-4; N, 12-9. C,,H,,.N,S, 
requires C, 67-6; H, 4:2; N, 13-1%). After acidification of the filtrate and addition of salt 
azobenzene-2-sulphinic acid slowly separated (0-95g.)._ It was dissolved in cold methyl alcohol, 
an insoluble residue (0-1 g.) being filtered off. Water was added to the alcoholic solution and 
the solution set aside for a few hours. The pure sulphinic acid crystallised as yellowish prisms, 
becoming colourless when powdered, m. p. 104°, preceded by a change of colour to orange-red 
(Found: C, 58-7; H, 4:1; N, 11-5. Cj .H,9O,N,S requires C, 58-6; H, 4:1; N, 11-4%). It 
is unstable to heat and gives colourless solutions with cold ether, chloroform, benzene and 
alcohol, the latter solution soon becoming yellow. 

Copper Complex Salt of 2-Mercaptoazobenzene.—A mixture of finely powdered di-(o-phenyl- 
azopheny]) disulphide (1 g.), glucose (0-8 g.), 1% aqueous sodium hydroxide (50 c.c.), and ethyl 
alcohol (100 c.c.) was refluxed for 7 min. The clear red solution obtained after dilution with 
oxygen-free water (200 c.c.) was quickly cooled and poured into an ice-cold solution of copper 
sulphate (3 g.) in 1% aqueous sulphuric acid (100 c.c.). After 24 hr., the dark copper complex 
formed was filtered off, and washed with oxygen-free water, ethyl alcohol and, finally, light 
petroleum (yield, 0-8 g.; m. p. 228°). It was obtained by precipitation from a chloroform solution 
with light petroleum as a very dark blue powder, m. p. 228°, insoluble in water, ethyl alcohol, and 
ether, but sparingly soluble in benzene and chloroform with a blue colour (Found: C, 50-1; 
H, 3-0; N, 9-0; Cu, 21-9. C,.H,gON,SCu requires C, 49-1; H, 3-4; N, 9-5; Cu, 21-6%). 

2-Methylthioazobenzene.—(i) A solution of sodium sulphide nonahydrate (1 g.) and sodium 
hydroxide (0-5 g.) in water (10 c.c.) and ethyl alcohol (10 c.c.) was added to a suspension of 
di-(o-phenylazophenyl) disulphide (0-3 g.) in boiling ethyl alcohol (30 c.c.). After 4 minutes’ 
refluxing sodium hydroxide (1 g.) in water (100 c.c.) was added, the clear red solution cooled to 
40° and methyl sulphate (5 c.c.) added with shaking... The orange 2-methylthioazobenzene 
separated slowly (0-3 g., 93%). Crystallisation from methyl alcohol gave orange needles, 
m. p. 77—78° (Found: C, 68-9; H, 5-6; N, 12-4. C,,;H,,N,S requires C, 68-4; H, 5-3; N, 
12-3%). (ii) Nitrosobenzene (1-5 g.), o-methylthioaniline (1-8 g.), and acetic acid (28 c.c.) were 
kept at 50° for 15 min. and then at room temperature overnight. The precipitated azo-compound 
(2-1 g., 71%) crystallised from methyl alcohol as orange needles, m. p. and mixed m. p. 77—78°. 

Action of Hydvrobromic Acid on Di-(o-phenylazophenyl) Disulphide——Hydrobromic acid 
(48%; 15 c.c.) was added to a boiling solution of di-(o-phenylazophenyl) disulphide (1-0 g.) in 
acetic acid (25c.c.). After 3 min. the solution was cooled and set aside overnight. Extraction 
with chloroform, as described above, yielded almost pure azobenzene-2-sulphenyl bromide 
(1-2 g., 87%). 

Action of Hydrobromic Acid on Azobenzene-2-sulphinic Acid.—Hydrobromic acid (48% ; 
5 c.c.) was added to a solution of azobenzene-2-sulphinic acid (0-6 g.) in acetic acid (10 c.c.). 
The mixture was refluxed for a few minutes. Extraction with chloroform yielded almost pure 
azobenzene-2-sulphenyl bromide, m. p. 220—222° (0-65 g., 91%). 

4-Nitrobenzyl o-Phenylazophenyl Sulphone.—Azobenzene-2-sulphinic acid (0-8 g.), 4-nitro- 
benzyl bromide (0-8 g.), and sodium hydroxide (0-15 g.) in ethyl alcohol (80 c.c.) were refluxed 
for a few hours. Hot water was added until the solution became turbid. On cooling, o- 
phenylazophenyl 4-nitrobenzyl sulphone separated (1-05 g., 84%), which crystallised from ethyl 
alcohol as orange plates, m. p. 176° (Found: C, 59-7; H, 4-0; N, 11-3. C,9H,,0,N,S requires 
C, 59-8; H, 3-9; N, 11-0%). 

p-Dimethylaminophenyl p-Phenylazophenyl Sulphide —Azobenzene-2-sulphenyl bromide 
(0-6 g.), dimethylaniline (1 c.c.), and acetic acid (10 c.c.) were refluxed for 15 min. Water was 
added until the solution became turbid. On cooling p-dimethylaminophenyl p-phenylazophenyl 
sulphide separated (0-55 g., 81%). It crystallised from light petroleum (b. p. 60—80°) as 
orange plates, m. p. 144—145° (Found: C, 72-1; H, 5-7; N, 12-7. C,yg9H NS requires C, 
72-1; H, 5:7; N, 12-6%). 

2-Aminonaphthyl p-Phenylazophenyl Sulphide —Azobenzene-2-sulphenyl bromide (0-5 g.), 
2-naphthylamine (0-5 g.), and acetic acid (20 c.c.) were refluxed for 10 min. The dark-red 
solution was added to hot water and, after cooling, the precipitated 2-aminonaphthyl p-phenyl- 
azophenyl sulphide was collected (0-56 g., 92%). It crystallised from light petroleum (b. p. 
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60—80°) as orange needles, m. p. 124° (Found: C, 73-9; H, 5-0; N, 12-0. C,.H,,N,S requires 
C, 74-4; H, 4:8; N, 11-8%). 

Azobenzene-2-sulphenyl Tribromide.—(i) 2-Benzylthioazobenzene (1 g.), bromine (1-16 g., 
2-2 mols.), and acetic acid (30 c.c.) were refluxed for 4 min. On cooling, pure azobenzene-2- 
sulphenyl tribromide crystallised almost quantitatively as yellow plates, m. p. 158—160°. 
Recrystallisation from benzene yielded yellow plates of the same m. p., but there was partial 
decomposition to the soluble azobenzene-2-sulphenyl bromide (Found: C, 32-5; H, 2-2; Br, 
53-1. C,,H,N,SBr, requires C, 31-8; H, 2-0; Br, 53-0%). 

(ii) Bromine (0-3 g., 1-1 mol.) in acetic acid (1-4 c.c.) was added to a boiling solution of azo- 
benzene-2-sulphenyl bromide (0-5 g.) in boiling acetic acid (10 c.c.). The yellow crystalline 
tribromide, m. p. 158—160°, separated immediately and was collected after cooling (0-65 g., 
84%). 

The tribromide (1 g.) dissolved quantitatively in aqueous sodium hydroxide (0-5 g. in 30 c.c.) 
to a clear red solution. After addition of salt, sodium azobenzene-2-sulphinate (0-55 g., 93%) 
separated and was collected. It was converted into the free acid, m. p. and mixed m. p. 104° 
(from dilute methyl] alcohol). 

Action of Aluminium Bromide on 2-Benzylthioazobenzene.—Freshly distilled aluminium 
bromide (2-8 g.) in dry benzene (50 c.c.) was shaken with a solution of 2-benzylthioazobenzene 
(2 g.) in dry benzene (250 c.c.) for 7 days, water was added, and a tarry precipitate filtered off. 
Both the benzene layer and the precipitated were repeatedly extracted with water, the latter 
also with hot dilute hydrobromic acid. The combined aqueous solutions were extracted with 
chloroform, from which azobenzene-2-sulphenyl bromide (0-65 g., 35%) was isolated as described 
above. The residue, m. p. >300°, was insoluble in all solvents. The benzene layer was con- 
centrated and a small amount of diphenylmethane isolated, having m. p. and mixed m. p. 26° 
(needles from light petroleum). 


This investigation has been carried out with the help of a maintenance allowance from the 
Department of Scientific and Industrial Research to one of us (C. E. V.) which is gratefully 
acknowledged. 
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Synthesis of Possible Antimalarials. Part III.* Synthesis of 1- and 
3-isoQuinolyl- and 2-Quinolyl-2'-quinuclidylmethanol. 
By G. R. Clemo and M. Hoccartu. 
[Reprint Order No. 4669.] 


The synthesis of 3-isoquinolyl-2’-quinuclidylmethanol (VII; R = 3-iso- 
quinolyl) (cf. Part II *) has been completed, and 1-isoquinolyl- and 2-quinolyl- 
2’-quinuclidylmethanol have been prepared. 


ETHYL 1SOQUINOLINE-3-CARBOXYLATE (I; R = 3-isoquinolyl), previously obtained in 30% 
yield by the sulphur dehydrogenation of ethyl 1 : 2: 3 : 4-tetrahydrozsoquinoline-3-carboxyl- 
ate (cf. Swan, /., 1950, 1536), has been obtained in good yield by a modified procedure. 
Esterification of 1 : 2: 3: 4-tetrahydrotsoquinoline-3-carboxylic acid with sulphuric acid as 
catalyst gives a partially dehydrogenated ester C,H,N-CO,Et, and this was completely 
dehydrogenated to ethyl tsoquinoline-3-carboxylate in 80—90% yield by sulphur in tetralin. 
Ethyl quinaldate (I; R = 2-quinolyl) was prepared by the method of Campbell, 
Helbing, and Kerwin (J. Amer. Chem. Soc., 1946, 68, 1841), and ethyl tsoquinoline-l-carb- 
oxylate by Padbury and Lindwall’s modification of Reissert’s method (tbid., 1945, 67, 
1268). 
The low yield in the preparation of 2-4’-piperidylethyl 3-isoquinolyl ketone (III; 
R = 3-tsoquinolyl) has been ascribed to the presence of benzoic acid in the ester (II), but 
when this ester was prepared by Kleinman and Weinhouse’s method (J. Org. Chem., 1945, 


* Part II, /., 1951, 1406. 
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10, 562) and a modified procedure was used in the Claisen reaction the yield was increased 
from 10 to 30%. 

3-isoQuinolyl-2’-quinuclidylmethanol (VII; R = 3-tsoquinolyl) was obtained by 
catalytic reduction of 3-¢soquinolyl 2-quinuclidyl ketone (VI; R = 3-tsoquinolyl) over 
Adams catalyst in 0-5N-hydrochloric acid at room temperature and pressure. The product 
was a mixture of approximately equal amounts of two racemates, which were separated by 
chromatography on activated alumina and characterised as their dipicrates and dipicrolon- 
ates. 


R-CO,Et + EtO,C [CHK SNBz —p R-CO(CH,)},— 
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2-4'-Piperidylethy] 2-quinolyl ketone (III; R = 2-quinolyl) was obtained in good yield 
by condensation of ethyl quinaldate with (II) under Claisen conditions. Cyclisation was 
achieved via both the N-bromo- (IV) and the C-bromo-derivative (V; R = 2-quinolyl), 
and 2-quinoly] 2-quinuclidyl ketone (VI; R = 2-quinolyl) was thus obtained as a colourless 
crystalline hydrate. It formed a 2 : 4-dinitrophenylhydrazone hydrochloride and a mono- 
picrolonate. Di-derivatives could not be obtained. Reduction to the alcohol and separ- 
ation of the racemates were carried out as with 3-zsoquinolyl-2’-quinuclidylmethanol. One 
of the racemates formed a monohydrochloride and a monopicrolonate, while the other gave 
a dihydrochloride and a dipicrolonate. [An examination of models offered no explanation 
of this apparent anomaly. The two compounds were shown to be structurally identical 
by oxidation of the alcohol group by the method of Woodward ef al. (J. Amer. Chem. Soc., 
1945, 67, 1428). In each case 2-quinolyl 2-quinuclidyl ketone (VI; R = 2-quinolyl) was 
obtained. ] 

Condensation of ethyl /soquinoline-1-carboxylate and (II) gave 2-4’-piperidylethy] 1-iso- 
quinolyl ketone (III; R = 1-isoquinolyl) as a colourless crystalline hydrate. Attempted 
cyclisation via the N-bromo-derivative failed, the ketone being recovered, but it was 
effected via the C-bromo-derivative (V) which gave good yields of 1-isoquinoly] 2-quinuclidy] 
ketone (VI; R = 1-tsoquinolyl) as a colourless highly crystalline solid. On reduction to 
the alcohol by the usual method, only one racemate was obtained—as a pale yellow un- 
crystallisable glass, which formed a colourless dihydrochloride. 


EXPERIMENTAL 


Ethyl Dihydroisoquinoline-3-carboxylate—To crude, dry 1: 2:3: 4-tetrahydroisoquinoline- 
3-carboxylic acid [prepared from phenylalanine (50 g.); cf. Part in were added absolute alcohol 
(300 c.c.) and concentrated sulphuric acid (25 c.c.), and the mixture was refluxed for 5 hr. 
Alcohol was removed by distillation under reduced pressure, and the brown viscous residue was 
basified with sodium hydroxide solution (20%) and extracted with ether; the ethereal extracts 
were dried (Na,SO,), solvent was removed and the residue distilled, giving a colourless dihydro- 
estey (44 g.), b. p. 108—110°/0-5 mm., which solidified overnight and then had m. p. 39—40° 
(Found: C, 70-6; H, 6-4. C,,H,,0,N requires C, 70-9; H, 6-4%). The picrate (from alcohol) 
had m. p. 147—148° (Found: C, 50-0; H, 3-6. C,,H,;0,N,C,H,;O,N, requires C, 50-0; H, 
36%). The ester (25 mg.) absorbed 3-09 c.c. of hydrogen over platinum at 18°/760 mm. 
(1-05 equivs.). The solution was filtered and concentrated, picric acid (12 mg.) in hot ethanol 
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was added, and the picrate which separated recrystallised from ethanol; it had m. p. 204° not 
depressed by the picrate of ethyl 1 : 2: 3: 4-tetrahydroisoquinoline-3-carboxylate. 

Ethyl isoQuinoline-3-carboxylate.—Ethyl dihydroisoquinoline-3-carboxylate (10 g.) and 
sulphur (4-0 g.) in tetralin (30 c.c.) were heated at 160—165° (oil-bath) for 5 hr. The cooled 
solution was diluted with benzene and extracted with dilute hydrochloric acid (4 x 70 c.c.), 
the acid extracts were washed with ether and basified (solid sodium carbonate), and the liberated 
oil was extracted with ether, dried (Na,SO,), and distilled, giving ethyl zsoquinoline-3-carboxyl- 
ate as a pale yellow oil (8-4 g.), b. p. 144—145°/0-5 mm. The picrate (from alcohol) had m. p. 
154—155°, not depressed by the picrate of the material prepared as described by Swan. 

2-4’-Piperidylethyl 3-isoQuinolyl Ketone (II1; R = 3-isoQuinolyl).—To a well-cooled suspen- 
sion of potassium ethoxide (8-0 g., 0-095 mol.) in pure dry benzene was added a mixture of ethyl 
isoquinoline-3-carboxylate (16-0 g., 0-08 mol.) and (II) (23-1 g., 0-08 mol.), and the mixture, 
which immediately became red-brown, was refluxed for 2 hr. The solvent was then removed, 
and the tarry residue heated in the steam-bath under reduced pressure for a further 2 hr. After 
cooling, the residue was dissolved in 8N-hydrochloric acid (200 c.c.) and refluxed gently for 10 hr. 
On cooling, benzoic acid (9-5 g.) was precipitated and filtered off and the filtrate evaporated to 
dryness under reduced pressure. The residue was basified (30° sodium hydroxide solution) and 
extracted with ether, the extract dried (Na,SO,), and the ether removed. The residue solidified 
on cooling, and recrystallised from light petroleum (b. p. 40—60°), giving the colourless ketone 
(6-4 g.), m. p. 93—94?°. 

3-isoQuinolyl-2’-quinuclidylmethanol (VIL; R = 3-isoQuinolyl).—The keto-base (VI; R = 3- 
isoquinolyl) (0-98 g.) in hydrochloric acid (5%; 40 c.c.) was hydrogenated at room temperature 
and pressure over Adams catalyst (0-1 g.). The reduction was stopped when one equiv. of 
hydrogen had been absorbed (about 2 hr.). The filtrate from the catalyst was basified (6% 
aqueous sodium hydroxide) and exhaustively extracted with ether. After drying of the extract 
(Na,SO,), the ether was removed and the residual pale yellow glass (0-95 g.) was dissolved in 
chloroform—benzene (1:1) and applied to a column of alumina (100 g.; activated at 110° for 
2hr.). The two rather diffuse bands which developed were eluted with chloroform—methanol 
(10:1). The first band yielded a pale yellow vacemate ‘‘ A ’’ (0-264 g.) which slowly solidified 
and was recrystallised from light petroleum (b. p. 60—80°) (m. p. 84°, after sintering at 58°) 
(Found: C, 71-6; H, 7-8. C,,H,ON,,H,O requires C, 71:3; H, 7-7%). The second band 
yielded a similar vacemate ‘‘ B’’ (0-270 g.) which did not crystallise (Found: C, 76-2; H, 7-7. 
C,H ON, requires C, 76:1; H, 75%). ‘‘A’’ gave a dipicrate, m. p. 104—105° after sintering 
at 99° (Found: C, 47-3; H, 4:4. C,,H. ON,,2C,H,0,N;,CH,°OH requires C, 47-4; H, 4:0%), 
and ‘‘ B”’ a dipicrate, m. p. 106—109° after sintering at 99° (Found: C, 47-1; H, 4:3%), their 
mixed m. p. being 96—99°. The dipicrolonate of ‘‘ A’’ had m. p. 224°, and that of “‘ B’’ had 
m. p. 215°; the mixed m. p. was 208°. 

2-4’-Pipevidylethyl 2-Quinolyl Ketone (III; R = 2-Quinolyl).—Ethyl quinaldate and (II) 
were condensed as described above, giving a pale yellow ketone (71-5%) (Found: C, 76-1; H, 
7-6. C,,;H,,ON, requires C, 76:1; H, 7:5%), which solidified after several days in the 
refrigerator. Recrystallised from ether, it had m. p. 105—107° (Found: C, 71-3; H, 7-6. 
C,;HgON,,H,O requires C, 71-3; H, 7-7%). The colourless hydrochloride (from methanol- 
ether) had m. p. 229° (Found: C, 67-0; H, 6-9. C,,H,jON,,HCI requires C, 67-0; H, 6-9%). 
The 2: 4-dinitrophenylhydrazone dihydrochloride (from ethanol) was orange and had m. p. 
267—268° (Found: C, 52-7; H, 5:3. C,,H,,0,N,,2HCI requires C, 53-0; H, 5-0%%). 

2-(1-Bromo-4-piperidyl)ethyl 2-Quinolyl Ketone (IV; R = 2-Quinolyl).—The above ketone 
(25 g.) was dissolved in hydrochloric acid (108 c.c.; 1: 10), and ether (650 c.c.) was added. To 
this mixture, vigorously stirred, was added dropwise a solution of bromine (13-8 g.) in sodium 
hydroxide (6% solution; 175 g.), and the mixture was stirred for a further 15 min. The aqueous 
layer was extracted with ether. The combined ethereal layers were dried (Na,SO,), and con- 
centrated and on cooling the bromo-compound separated as a cream-coloured solid (14-5 g.) 
m. p. 234—236° (Found: C, 58-6; H, 5-4; Br, 22-9. C,,H,,ON,Br requires C, 58-8; H, 5-5; 
Br, 23-2%). 

2-Quinolyl 2-Quinuclidyl Ketone (VI; R = 2-Quinolyl).—(a) A boiling solution of the above 
N-bromo-ketone (8-7 g.) in ethanol (660 c.c.) was added to a cold solution of sodium ethoxide 
(from 1-57 g. of sodium and 660 c.c. of ethanol), and the mixture was refluxed on a water-bath 
for $ hr., cooled, and made slightly acidic (dilute hydrochloric acid). The alcohol was 
removed under reduced pressure and the residue basified (20°% aqueous sodium hydroxide) and 
extracted with ether. The extract was dried (Na,SO,) and on removal of the ether the keto-base 
solidified and was recrystallised from light petroleum (b. p. 40—60°) (yield 5-1 g.; m. p. 125°) 
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(Found: C, 71-9; H, 7-4. C,,H,gON,,H,O requires C, 71-8; H, 7:0%). The orange 2: 4- 
dinitvophenylhydrazone hydrochloride, recrystallised from alcohol, had m. p. 290° (Found: C, 
57°3; H, 5-2. Cy 3H .0,Ng,HCl requires C, 57-2; H,4:8%). The monopicrolonate, recrystallised 
from a solution of picrolonic acid in ethanol, had m. p. 240—241° (Found: C, 60-8; H, 4-7. 
C,7H,,ON;2,C19H,O;N, requires C, 61-1; H, 4:9%). 

(b) The keto-base (III; R = 2-quinolyl) (2-5 g.) was heated in hydrobromic acid (40% ; 
12-5 c.c.) at 70°, while a solution of bromine (1-65 g.) in hydrobromic acid (40%; 18-5 c.c.) was 
added dropwise. The resulting bright yellow solution was evaporated in a vacuum at 50—60° 
and the bright yellow crystalline residue dissolved in a little water and vigorously stirred with 
ether in an ice-bath, while sodium carbonate solution (65 c.c.; 5%) was added dropwise during 
i hr., followed by sodium hydroxide (18 c.c.; 5%). The mixture was allowed to come to room 
temperature with continued stirring, the ethereal layer was separated, and the aqueous layer 
extracted with ether. The combined extracts were dried (K,CO,) and the ether was removed, 
leaving a pale yellow oil which gradually solidified and, recrystallised from moist ether, had 
m. p. 125° (1-4 g.). 

2-Quinolyl-2'-quinuclidylmethanol (VII; R = 2-Quinolyl).—This was obtained by catalytic 
reduction of the above keto-base as described for the 3-isoquinolyl isomer. The product was a 
pale yellow uncrystallisable oil (Found: C, 76-2; H, 7-6. C,,H, ON, requires C, 76-1; H, 
7-5%). The racemates were separated by chromatography on alumina and were non-crystal- 
line. The hydrochlorides, recrystallised from hydrochloric acid (50%), were colourless. The 
first, ‘‘ A,’’ was a monohydrochloride, m. p. 229—230° (Found : C, 66-7; H, 7-1. C,,HgON,,HCl 
requires C, 67-0; H, 6-9%). The second, “‘ B,’’ was a dihydrochloride, m. p. 208—209° (Found : 
C, 60-2; H, 7-1. C,;H,,ON,,2HCl requires C, 59-8; H, 65%). The yellow monopicrolonate 
of ‘‘A’’ had m. p. 237—238° (Found: C, 61:0; H, 5-8. C,,HON,,C,)9H,O;N, requires C, 
60-9; H, 5-39), recovered unchanged after recrystallisation from alcohol containing picrolonic 
acid. The yellow dipicrolonate of ‘‘B’’ had m. p. 214—215° (Found: C, 55-4; H, 5-2. 
C,7HggON2,2C 9H,O;N,,C,H,°OH requires C, 55-6; H, 5-0%). 

To pure, dry potassium butoxide (90 mg.), prepared as described by Woodward e¢ al. 
(loc. cit.), was added pure, dry benzophenone (300 mg.) and the alcohol ‘‘ A ”’ (or “‘ B’’) (100 mg.) 
in benzene (5 c.c.). The mixture was refluxed under nitrogen for 18 hr., cooled, and extracted 
with dilute hydrochloric acid, and the acid extracts were washed with ether, basified, and 
extracted with ether. The ethereal extracts were dried (Na,SO,) and the ether was removed, 
leaving an oil which crystallised from light petroleum (b. p. 49—60°). In each case, 2-quinolyl 
2-quinuclidyl ketone (60 mg.) was obtained, having m. p. and mixed m. p. 105°. 

2-4’-Piperidylethyl 1-isoQuinolyl Ketone (III; R = 1-isoQuinolyl).—Ethyl isoquinoline-1- 
carboxylate (17-3 g., 0-086 mol.) and (II) (27-5 g., 0-095 mole) were condensed in the usual way, 
with dry potassium ethoxide (9-0 g., 0-107 mol.), giving the keto-base as a pale yellow oil, 
which readily supercooled. By allowing a solution in moist ether to remain for a week in the 
refrigerator, a small amount of hydrate, m. p. 113—114°, was obtained (Found: C, 70-8; H, 
7-5. Cy;HgON,,H,O requires C, 71-3; H, 7-7%). The dipicrate crystallised in yellow needles 
(from alcohol), m. p. 161° (Found: C, 48-6; H, 4:1. C,;HgON,,2C,H,0,N;,C,H;°OH requires 
C, 48:2; H, 4:15%). The orange phenylhydrazone dipicrate, recrystallised from alcohol, had 
m. p. 199° (Found: C, 51-9; H, 4:3. C,3;H,,N,4,2C,H,0,N; requires C, 51-7; H, 40%). 

2-(1-Bromo-4-piperidyl)ethyl 1-isoQuinolyl Ketone (IV; R = 1-tsoQuinolyl).—This N- 
bromo-ketone was prepared by the usual method and obtained as a tan crystalline solid (53%), 
m. p. 195°, darkening at 185° (Found : C, 58-6; H, 5-9; Br, 23-5. C,,H,gON,Br requires C, 58-8 ; 
H, 5-5; Br, 231%). 

l-isoQuinolyl 2-quinuclidyl ketone (V1; R = 1-tsoquinolyl), obtained (73%) via the C-bromo- 
derivative by the method described for the 2-quinolyl isomer, was colourless and had m. p. 
134° (Found : C, 76-7; H, 6-9. C,,H,,ON, requires C, 76-7; H, 6-7%). The yellow picrolonate 
(from alcohol) had m. p. 188—189° (decomp.) (Found: C, 61-1; H, 5-2. C,;H,sON,,C,)Hs0;N, 
requires C, 61-2; H, 4:9%). The yellow picrate (from alcohol) had m. p. 150° (Found: C, 
55:5; H, 4:5. C,,H,g,ON,,C,H;0,N, requires C, 55-7; H, 4-2%). 

1-isoQuinolyl-2’-quinuclidylmethanol (VII; R= 1-isoQuinolyl)—The above keto-base 
(0-91 g.) in ethanol (50 c.c.) was shaken with hydrogen at room temperature and pressure over 
platinum catalyst (0-2 g.) until one equiv. of hydrogen had been absorbed (1 hr.). The catalyst 
was filtered off and the solution made slightly acidic with dilute hydrochloric acid. The alcohol 
was removed in a vacuum, the residue basified and extracted with ether, the extract dried 
(Na,SO,), and the ether removed, leaving a pale yellow glass. This was chromatographed in 
benzene on alumina. A small amount of the keto-base was recovered, no further separation 
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being observed. The dihydrochloride, recrystallised from methanol—ether, was colourless, 
having m. p. 195° (sinters at 185°) (Found: C, 59-9; H, 6-8. C,,;H,ON,,2HCI requires C, 59-8; 
H, 65%). The yellow picrate (from alcohol) had m. p. 194—195° (Found: C, 47-8; H, 3-5. 
C,H ggON,,2C,H,0,N, requires C, 47-9; H, 3-6%). 


One of us (M. H.) thanks the Department of Scientific and Industrial Research for a main- 
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The Mechanism of Inhibition of the Corrosion of Iron by 
Sodium Hydroxide Solution. Part II.* 


By J. E. O. Mayne and J. W. MENTER. 
[Reprint Order No. 4388.] 


The film formed on iron by the anodic discharge of hydroxyl ions is com- 
posed of material having the cubic structure of either Fe,O, or y-Fe,O;; con- 
sequently it is indistinguishable from the air-formed film. Freshly abraded 
iron becomes passive when immersed in 0-1N-sodium hydroxide containing 
dissolved oxygen. It is suggested that weak areas in the air-formed film are 
first repaired by the electrochemical formation of ferrous hydroxide, which 
then reacts with oxygen to form material having the cubic structure of Fe,O,, 
y-Fe,O3, or an intermediate compound ; later repair may occur by the direct 
electrochemical production of ferric oxide; in this way the film thickens until it 
becomes impervious to ions and passivity ensues. 


THE inhibition of the corrosion of iron by solutions of sodium hydroxide was discussed in 
Part I,* in which it was shown that when iron, freed from its air-formed film, was immersed 
in 0-1N-sodium hydroxide containing dissolved oxygen, it became covered with a film 
composed mainly of material having the cubic structure of either Fe,O, or y-Fe,O3, together 
with traces of y-Fe,O3,H,O. It was suggested that the material having the cubic structure 
arose from a reaction between oxygen and the surface iron atoms in a manner similar to 
that which gives rise to the air-formed film, whilst the y-Fe,O,,H,O was formed by the 
oxidation of ferrous hydroxide produced by the anodic discharge of hydroxyl ions on the 
metal surface. This view, regarding the origin of the hydrated oxide, was in accordance 
with the work of Kabanov and his co-workers (Kabanov, Burstein, and Frumkin, Discuss. 
Faraday Soc., 1947, 1, 259; Kabanov and Leikis, Acta Physicochem. U.R.S.S., 1946, 21, 
769), who concluded that when iron, previously reduced in hydrogen, was anodically 
polarised in 2N-sodium hydroxide it became covered with a film of hydrated ferric oxide. 

In the following investigation the anodic polarisation of iron in 0-1N-sodium hydroxide, 
in the presence and in the absence of air, has been examined; in general, the Russian results 
have been confirmed, but the oxide film has been found to be anhydrous and similar to 
the air-formed film. The results suggested that in the inhibition of the corrosion of iron 
by sodium hydroxide the function of oxygen is to oxidise the ferrous hydroxide, formed 
by an electrochemical mechanism, to a ferric compound having a structure indistinguishable 
from the air-formed film. 


EXPERIMENTAL 


Materials—Two types of iron were used in this investigation. The first was Swedish iron 
containing a relatively large quantity of oxygen in the form of magnetite and it was used in 
the electron-diffraction experiments; its composition has been reported by Mayne and Pryor 
(J., 1949, 1831). The second was annealed mild steel, in the form of sheet 0-014” thick, which 
was used mainly in the polarisation experiments; it had the composition: C, 0-06; S, 0-021; 
P, 0-015; Mn, 0-36; Ni, 0-048; Cu, 0-040; Sn, 0-008%; Si, trace only. 


* The paper by Mayne, Menter, and Pryor, /., 1950, 3229, is regarded as Part I. 
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Unless otherwise stated all the specimens were degreased in benzene, abraded with 3/0 
emery, washed in benzene followed by acetone, and dried on filter-paper immediately before 
use. 

Effect of Anodic Polarisation in the Presence of Air on the Composition of the Film.—Iron 
specimens, 3 x 1 cm., were immersed to a depth of about 1 cm. in 0-1N-sodium hydroxide and 
anodically polarised at constant current density; the cathode of the cell was a platinum wire 
immersed in the solution, but remote from the anode. In order to polarise the anode at constant 
current density, the cell, connected in series with a microammeter and a resistance, was inserted 
into the normal potentiometer circuit; thus by varying the position of the moving contact the 
potential across the cell could be adjusted and a constant current maintained. This method was 
used in all polarisation experiments throughout this investigation. 

Freshly abraded specimens were polarised at 12-5 and 50ua/cm.*, and the polarisation was 
continued until the potential across the cell became constant owing to the evolution of oxygen. 
In some experiments the specimens were connected to the potentiometer before immersion, so 
that there was no time lag between contact with the solution and the flow of current; in others, 
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The anodic polarisation of iron in 0-1N-sodium hydroxide. 
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Curve A. Iron in the absence of air and the air-formed 
film. 19-4 Microamp./cm.?. 

Curve B. Steel in the absence of air and the air-formed 
film. 21-2 Microamp. /cm.?. 

Curve C. Freshly abraded steel in the absence of air. 
15-0 Microamp./cm.?. 

Curve D. Freshly abraded steel in the presence of air. 
14-7 Microamp. /cm.?. 
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the air-formed film was removed by treatment with dilute hydrochloric acid before immersion 
in alkali. 

The film was then removed from the passive specimens by the alcoholic iodine method of 
Vernon, Wormwell, and Nurse (J., 1939, 621); portions of the stripped film were next floated on 
to copper grids and examined by electron diffraction, the transmission method being used. 

In all cases the film appeared to be composed of material having the cubic structure of 
Fe,O, or y-Fe,O3. No conclusive evidence for the presence of y-Fe,0;,H,O was obtained but 
numerous spots which could be attributed to lepidocrocite were observed. Thus the film had 
the same composition as that removed from iron after treatment with 0-1N-sodium hydroxide in 
the presence of air, and the anodic treatment did not increase the amount of y-Fe,O;,H,O in the 
film. 

Anodic Polarisation of Iron and Steel in the Absence of Air.—In order to examine the anodic 
polarisation of iron, in the absence of air and the air-formed film, use was made of an apparatus 
described in Part I. The efficiency of the vacuum system was improved by the insertion of a 
mercury diffusion pump and a McLeod gauge between the apparatus and the Hyvac pump and 
by the use of a slower de-aeration cycle. The modified experimental procedure was as follows. 
The side tubes, containing 0-1N-sodium hydroxide and 0-001N-hydrochloric acid, were immersed 
in liquid air, and the apparatus was evacuated for 30 min.; the pump was then turned off and 
the frozen solutions were allowed to melt; when the apparatus had reached room temperature 
the pump was connected for about 30sec. This cycle of operations was repeated four times. 

The iron specimen, 2-7 x 1-2 cm., was suspended from a platinum hook by means of a 
thin, soft-iron wire which passed through a hole in the specimen. The air-formed film was 
first removed by treatment with the hydrochloric acid, which was subsequently drained off and 
replaced by the 0-1N-sodium hydroxide. The small quantity of hydrochloric acid remaining on 
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the specimen and on the walls of the apparatus allowed the Ag—AgCl electrode to function; 
the potential of the iron specimen could consequently be measured, and at the end of the experi- 
ment the concentration of chloride ions in the solution was determined by means of another 
Ag—AgCl electrode. The potentials were measured by means of a Cambridge valve potentio- 
meter. After the solution had been in contact with the specimen for about 30 min., the potential 
became constant and the specimen was anodically polarised at constant current density, the 
cathode being a platinum wire sealed through the wall of the apparatus. 

The polarisation curve obtained at a current density of 19-4ua/cm.? is shown in curve A 
(in which the potentials are expressed on the hydrogen scale). At the end of the experiment the 
invisible film formed on the specimen was removed and examined by electron diffraction; it 
had the same composition as that produced by anodic polarisation in the presence of oxygen. 

The experiment was repeated with a mild steel specimen. This was covered with annealing 
scale; consequently, it was degreased in benzene, pickled in dilute sulphuric acid, abraded with 
3/0 emery, washed with benzene followed by acetone, and etched in dilute sulphuric acid for 
5 sec. before being dried on filter-paper and placed in the apparatus—a treatment similar to 
that used by Kabanov and Leikis (loc. cit.). The air-formed film was removed by treatment with 
0-01n-hydrochloric acid. The anodic polarisation curve obtained is shown in curve B. The 
film on the specimen was straw-coloured at the end of the experiment. 

In another experiment the anodic polarisation was examined of a mild-steel specimen carrying 
its air-formed film. The procedure was similar to that used in the previous measurement except 
that the specimen, which was freshly abraded, was not treated with hydrochloric acid in the 
vacuum-apparatus; the side arm, which normally contained acid, was sealed off, and after de- 
aeration the alkali was transferred to the polarisation cell; in these circumstances the solution 
was rendered 0-0001N with respect to chloride ions in order to permit the Ag—AgCl electrode to 
function. The results obtained are shown in curve C. 

Anodic Polarisation of Steel in the Presence of Aiy.—Mild-steel specimens, 3 x 1 cm., were 
freshly abraded and masked with hot paraffin wax so that an area 0-75—1-50 cm.? remained 
uncovered at one end; at the other end a small area was left uncoated in order to make electrical 
connection. The specimens were then partially immersed in 0-1N-sodium hydroxide, rendered 
0-0001N with respect to sodium chloride, contained in an open beaker, and anodically polarised 
at constant current density. The cathode was a platinum wire immersed in the solution but 
remote from the specimen; the potential of the steel specimen was measured against an Ag—AgCl 
electrode. The results obtained are shown in curve D. 


DISCUSSION 


In Part I the presence of lepidocrocite in the film was inferred from a number of spots 
obtained in electron-diffraction photographs; it was suggested that the y-Fe,0,,H,O 
arose from the oxidation of ferrous hydroxide produced by the anodic discharge of hydroxyl 
ions on the metal surface. If this hypothesis regarding the mode of formation of 
y-Fe,0,,H,0 is correct, it ought to be possible to increase the concentration of lepidocrocite 
in the film, by anodic polarisation, to such an extent that rings would be produced in the 
electron-diffraction photographs. Efforts to carry this out have been unsuccessful, 
indicating that y-Fe,03,H,O is not formed by anodic polarisation. 

Kabanov et al. (loc. cit.) concluded, from a consideration of anodic polarisation curves, 
that iron reduced in hydrogen and polarised in 2N-sodium hydroxide became covered with 
a film of hydrated oxide. Their experiments have beeen repeated in 0-1N-solution under 
slightly different conditions, and the film has been examined by electron diffraction; it 
was found to consist mainly of a material having the cubic structure of either Fe,O, or 
y-Fe,Os. 

When iron or steel initially freed from air-formed films is used, the anodic polarisation 
curves obtained in the absence of oxygen are similar to those obtained by Kabanov et al. 
in that they all show three arrests, indicating that at least three different processes are taking 
place on the metal surface. This confirmation is very satisfactory, particularly in view of 
the fact that (1) the authors removed air-formed films with acid and not hydrogen, (2) 
measurements were made in a vacuum-apparatus and not in an atmosphere of hydrogen. 

The first arrest has been attributed by Forster (Z. Elektrochem., 1910, 16, 461) and 
Kabanov and Leikis (loc. cit.) to the formation of a film of ferrous hydroxide on the surface 
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of the iron; this conclusion appears reasonable, although the process occurs in 0-1N- 
sodium hydroxide at about —0-63 v, which is a more positive value than that calculated 
from the equilibrium potential of the system Fe-Fe(OH),. Kabanov and Leikis have 
discussed this point at some length and have put forward the view that the formation of 
ferrous hydroxide is brought about by the hydrolysis of an anion such as HFeO,’. 

The second arrest, which is generally half the length of the first, is considered to be due 
to the oxidation of ferrous hydroxide to ferric compounds, which have been found to be 
composed mainly of anhydrous oxide having the structure of Fe,O, or y-Fe,O,. In 0-1N- 
sodium hydroxide this arrest appeared to consist of two parts, which suggests that the 
oxidation proceeds via the intermediate formation of magnetite. In this connection it 
should be noted that recent work by one of the authors (Mayne, J., 1953, 129) has shown 
that in alkaline solutions, with a slow rate of oxidation, ferrous hydroxide is converted into 
a product having a composition intermediate between Fe,O, and y-Fe,Os. 

The third arrest corresponds to the liberation of oxygen, the specimen having become 
passive. It has been found that in the absence of air and the air-formed film the iron 
requires 36 millicoulombs/cm.? and the steel 76 millicoulombs/cm.? for this to take place. 
The difference in value may be attributed to the fact that the iron, being purer, was more 
easily covered by a passive film, since film growth could proceed relatively undisturbed by 
inclusions; it should be noted that the air-formed film was removed by treatment with 
acid, which was more concentrated when steel was used so that the surface of the steel was 
rougher. 

Both the first and the second arrest were absent from the polarisation curves obtained 
with abraded specimens, which carried their air-formed films; Kabanov et al. (loc. cit.) 
obtained a similar effect with film-free specimens after they had been in contact with oxygen. 
In the presence of air the polarisation curve was shifted to the left, 2.¢., the specimen became 
passive more readily, thus indicating that oxygen plays an important part in passivation. 

In Part I (loc. cit.) it was shown that freshly-abraded iron became passive when im- 
mersed in 0-1N-sodium hydroxide, in the presence of air, and acquired a potential of about 
zero on the hydrogen scale. When a freshly abraded specimen was polarised, in the absence 
of oxygen, 2-0 millicoulombs/cm.? were required to polarise the specimen to zero; this 
quantity of electricity corresponds to an increase in thickness of the oxide film of 10 A. 
Vernon, Wormwell, and Nurse (/J., 1939, 621) estimated that the thickness of the air- 
formed film on freshly abraded iron was of the order of 140 A; it is difficult to see how an 
additional 10 A could render the iron passive, and it seems more probable that passivity 
is brought about by repair of weak areas in the air-formed film. 

In the presence of air and in the absence of applied current the specimen acquired the 
potential of zero after about 30 minutes’ immersion. In the polarisation experiment carried 
out in the presence of air this time was reduced to little more than 1 min.; consequently, 
the normal electrochemical process, which is responsible for film repair in the absence of 
applied current, can have played little part in the polarisation experiment. Thus an air- 
formed film, which may be months old, can be rapidly reinforced by immersion in 0-1N- 
sodium hydroxide, in the presence of air, with or without the application of a current. 
Three hypotheses can be advanced in order to explain this: (1) the air-formed film breaks 
down upon immersion in the solution; (2) oxygen in solution is more active than in the 
gaseous form; (3) oxygen reacts more readily with the anodic product than with the air- 
formed film. There appears to be little evidence in support of hypotheses (1) and (2); 
hypothesis (3), however, provides an explanation, since the anodic product in alkaline 
solution will be ferrous hydroxide. The main function of oxygen is to stimulate the 
cathodic reaction, but it may also oxidize ferrous hydroxide to Fe,O,, y-Fe,O3, or an inter- 
mediate compound and, if all the repairing substance is produced by this mechanism, the 
quantity of current required to polarise the specimen to zero, in the presence of air, would 
be in the range 1-3—1-5 millicoulombs/cm.?._ The value obtained was 1-2 millicoulombs/ 
cm.” (curve D); thus a small quantity of the repairing substance may be formed by a 
different mechanism. These results suggest that, when abraded steel is immersed in 0-1N- 
sodium hydroxide, weak areas in the air-formed film are reinforced by the electrochemical 
formation of ferrous hydroxide, which reacts with oxygen to form an oxide, probably having 
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a structure intermediate between Fe,0, and y-Fe,O;, and is thus indistinguishable, by 
electron diffraction, from the air-formed film. This reaction continues until a potential 
of about —0-4 v is reached, after which repair can take place by direct electrochemical 
formation of ferric oxide. 
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The Mechanism of Inhibition of the Corrosion of Iron by Solutions 
of Sodium Phosphate, Borate, and Carbonate. 
By J. E. O. Mayne and J. W. MENTER. 
[Reprint Order No. 4389.] 


The film formed on iron by 0-1N-solutions of disodium hydrogen phosphate, 
trisodium phosphate, sodium borate, and sodium carbonate, in the presence 
of air but in the absence of the air-formed film, has been removed by the 
alcoholic iodine method, and its composition determined by electron 
diffraction. Allthe films consisted mainly ofa cubic oxide having the composi- 
tion of Fe,0,, y-Fe,O;, or an intermediate compound. When disodium 
hydrogen phosphate was used, large particles of FePO,,2H,O were detected, 
embedded in a matrix of cubic oxide; trisodium phosphate yielded films 
containing only a small amount of ferric phosphate; with sodium carbonate 
and sodium borate no evidence was obtained for the existence of a second 
phase. The results are interpreted in terms of the hydrolysis and oxidation 
of the anodic product. 


In the preceding paper a mechanism was suggested for the inhibition of the corrosion of 
iron by solutions of sodium hydroxide; this paper is an account of an extension of that 
investigation to solutions of trisodium phosphate, disodium hydrogen phosphate, sodium 
borate, and sodium carbonate. 

EXPERIMENTAL 

Matervials.—The iron used had the same composition as that used by Mayne and Pryor (/., 
1949, 1831); the method of preparing the specimens was also identical 

In a preliminary investigation, freshly abraded specimens of iron, about 1 cm.*, were totally 
immersed in 0-1N-solutions of the four inhibitors, contained in 100-ml. beakers; it was found 
that no corrosion occurred after 4 weeks’ immersion, consequently 0-1N-solutions were used 
throughout this investigation. 

Passivation of the Specimens.—Iron specimens, 5 x 1 cm., were passivated for 2 days in the 
four inhibitive solutions, containing dissolved oxygen, by the method previously described 
(Mayne and Pryor, Joc. cit.), in which the air-formed film was first destroyed by treatment with 
dilute hydrochloric acid, which was then displaced by a large volume of the inhibitive solution. 
The film on the passivated specimens was stripped by Nurse and Wormwell’s method (J. Appl. 
Chem., 1952, 2, 550), after which portions of the film were floated on to copper grids and examined 
by electron diffraction, the transmission method being used. This was carried out in a Metro- 
politan Vickers EM8 electron microscope. 

Electron-diffraction Examination of the Stripped Films.—With the above electron microscope, 
it is possible to carry out a microscopic examination of the stripped film in transmission, and 
also to obtain a diffraction pattern from a selected area of the film either 10 » or 2 u in diameter, 
as described by Mayne, Menter, and Pryor (J., 1950, 3229). Electron-microscopic examination 
by this method showed that in all cases the stripped film had large continuous homogeneous 
areas of even thickness, but that in some regions there were denser particles, of the order of 1 p. 
or less in size. 

Disodium Hydrogen Phosphate.—The homogeneous parts of the film gave patterns of slightly 
diffuse continuous rings corresponding to the Fe,O, or y-Fe,O, cubic structure. However, in 
areas where there were denser particles the diffraction pattern was different. For example, 
in Fig. 1 is shown the pattern obtained from a region containing many particles rather less than 
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1 insize. The rings are discontinuous and consist of a large number of arcs and spots. Fig. 3 
is the diffraction pattern from the area shown in Fig. 2, which contains an exceptionally large 


TABLE 1. 
(1) (2) (3) (4) (5) (6) (7) (8) 
Spacing (A) of film formed in : Fe,O; * Fe;(PO,), : f FePO,,2H,O : f 
Na,PO, Na,HPO, Na,HPO, Spacing, A Spacing, A Intensity Spacing, A Intensity 
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particle. The spotty rings are replaced by regularly arranged arcs indicating some preferred 
orientation in the growth of the particle. This is confirmed by the striations visible on the 
particle in the direction indicated by the arrow. The measured spacings obtained from these 
two photographs are listed in cols. 2 and 3 of Table 1. As before, the calibration of the pattern 
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was made by selecting the 2-51-A ring of the y-Fe,O, pattern as standard for the calculation of 
an equivalent AL for the pattern. The majority of determined spacings agree well wiih the 
X-ray values for strengite, hydrated ferric phosphate (FePO,,2H,O), col. 7. A few correspond 
to the cubic y-Fe,O3, and arise from the film of which the particles form part, and a few may 
possibly be attributed te ferrous phosphate, the X-ray spacings of which are given in col. 5. 
The main constituent of these regions examined was undoubtedly hydrated ferric phosphate. 
It should be emphasized, however, that these patterns were obtained from very small areas of the 
film showing a high proportion of phosphate to oxide, deliberately chosen to enhance the pattern 
of the former for purposes of measurement. No deductions could be made from electron- 
diffraction evidence concerning the relative proportions of oxide to phosphate in the film. 

Trisodium Phosphate.—As with disodium hydrogen phosphate, the films formed in trisodium 
phosphate solutions were found to consist of a basic continuous film of Fe,O, or y-Fe,Os, with 
particles of ferric phosphate either attached to or occluded in the film. In this case, however, 
the relative amount of ferric phosphate was very much smaller, so that the diffraction pattern 
consisted of Fe,O, or y-Fe,O, continuous rings together with many individual diffraction spots 
corresponding to ferric phosphate. Values of spacings determined from a typical plate are given 
in col. lof Table 1. A typical area of the film is shown in Fig. 4. 

Sodium Carbonate and Sodium Borate.—With both of these inhibitors the film consisted of 
Fe,O, or y-Fe,O;. In six photographs of different regions of a film stripped from a specimen 
immersed in sodium carbonate solution 18 rings were observed agreeing, within 0-5%, with the 
calculated values for y-Fe,O, as given in col. 4 of Table 1. 

Some particles were observed in some of the films, but the diffraction spots from these generally 
coincided with the continuous rings from the y-Fe,O, film. An interesting example of such a 
specimen is shown in Figs. 5and 6. The micrograph reveals a number of particles with cubic or 
rectangular outlines aligned nearly parallel to a preferred direction. The corresponding 
diffraction pattern shows a large number of cubic cross grating patterns, which are almost 
coincident. These larger particles of y-Fe,O, may have formed either during the build up of the 
inhibitive film, or by subsequent oxidation of particles of iron detached with the film during the 
stripping process. The former hypothesis seems more likely in view of the regular contours of 
the particles. 

A few of the photographs showed weak diffraction spots not lying on the y-Fe,O, rings. 
The number of these was insufficient to determine unambiguously to what compound they should 
be attributed. They might easily arise from small quantities of impurity in the film, and their 
very small number indicates that they are probably not an essential constituent of the film. 

Chemical Examination of the Stripped Film.—The presence of combined phosphate, in the 
films produced by both the dibasic and the tribasic salt, was confirmed by chemical analysis. 
The film was stripped from specimens of known area, no “‘ Formvar’’ was used, and the stripped 
film, after being washed several times with methy] alcohol, was dissolved in three drops of concen- 
trated hydrochloric acid, and the phosphate determined by the molybdenum-blue method, as 
described by Sandell (‘‘ Colorimetric Determination of Traces of Metals,’’ Interscience Pub. Inc., 
New York, 1944, p. 137) for the determination of arsenic, hydrazine sulphate being used as the 
reducing agent and a Spekker photoelectric absorptiometer for determination of the intensity of 
the blue colour. The film produced by immersion in disodium hydrogen phosphate solution for 
1 day contained 8-4 yg. of PO,/cm.’, and this value remained unchanged after a further 5 days. 
Another specimen immersed for 194 days yielded a film containing 4-0 ug. of PO,/cm.*. Tri- 
sodium phosphate produced, after 2 days, a film containing 0-4 pg. of PO,/cm.’, and after a 
further 3 days 0-2 ug. of PO,/cm.? was detected. Another specimen immersed for 51 days 
yielded a film containing 0-5 yg. of PO,/cm.*. The specimens treated with disodium hydrogen 
phosphate showed interference tints, whereas when trisodium phosphate was used the passivated 
specimens appeared unchanged. 

The iron content of the films stripped from another set of specimens was also determined 
by means of thioglycollic acid. Very variable results were obtained. This was attributed to 
the presence of particles of metallic iron in the film, an explanation confirmed by the observation 
that on storage in methyl alcohol several fragments of film developed circular spots of rust. 

Partial-immersion Tests.—In order to obtain further information regarding the mechanism 
of inhibition by solutions of dibasic and tribasic sodium phosphate, partial-immersion tests 
have been carried out with 0-1N-solutions, both of which were Nn with respect to sodium tartrate, 
added to dissolve ferric phosphate. 

Mild-steel specimens, 3” x 1’, the composition of which is given in the preceding paper, were 
used in two surface conditions: (1) freshly pickled in dilute hydrochloric acid; (2) pickled, in 
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a similar manner, and stored in a desiccator over calcium chloride for one week. The specimens 
were weighed and partially immersed in the solutions contained in 60-ml. tall-form beakers, 
which were stored under a bell-jarin the laboratory. At the end of the experiment the specimens 
were scrubbed under the tap, dried, and reweighed; the losses in weight are shown in Table 2. 
Each experiment was performed in duplicate. It can be seen that when the surface of the speci- 
mens was freshly pickled the solution of disodium phosphate, which was N with respect to sodium 


TABLE 2. Partial-immersion tests. 
(All the solutions were N with respect to sodium tartrate.) 
Solution Change in wt. (g.) Duration (days) Solution Change in wt. (g.) Duration (days) 
A. Air-formed film 1 week old. B. Freshly pickled specimens. 

0-In-Na,PO, —0-0004, —0-0002 34 0-IN-Na,PO, —0-0002, —0-0002 93 
0-IN-Na,HPO, —0-0002, —0-0001 34 0-IN-Na,HPO, —0-2791, —0-1334 93 
tartrate, was corrosive; with this solution the attack was visible within one day. In all the 
other cases the solutions were inhibitive. 


DISCUSSION 


The composition of the films formed on iron by four inhibitive 0-1N-solutions, in the 
presence of air, has been determined by electron diffraction and, where phosphate was 
present, by chemical analysis. It should be noted that the films were formed on iron 
from which the air-formed film had been removed by acid treatment, and that film form- 
ation could occur in two ways, 1.e., by the direct reaction with oxygen in solution or by 
reaction with the inhibitive ions, including OH. Unfortunately, the relative rates of these 
two reactions are not known. It is probable that the films formed, in these circumstances, 
are richer in material produced from the inhibitive ions than passive films formed on 
specimens which initially carried an air-formed film. 

The most striking fact which emerges from these experiments is that in all cases the 
films were composed mainly of a cubic oxide having the structure of Fe,O,, y-Fe,O3, or an 
intermediate compound. When disodium hydrogen phosphate was used, large particles of 
FePO,,2H,O were detected imbedded in a matrix of this cubic oxide. In the case of the 
tribasic salt the film contained only a small amount of ferric phosphate, which gave rise to 
a number of isolated spots and not continuous rings in the diffraction photographs. [Since 
this investigation was completed Pryor, Cohen, and Brown (J. Electrochem. Soc., 1952, 99, 
542), working with radioactive phosphorus, have obtained somewhat similar results.] 
With sodium carbonate and sodium borate no clear evidence for the existence of a second 
phase was obtained. 

Sodium carbonate, sodium borate, and trisodium phosphate are the salts of weak 
acids, and their aqueous solutions are alkaline owing to hydrolysis (the 0-1N-solutions had 
pH values of 11-2, 9-2, and 9-8, respectively) ; consequently, the ferrous compounds formed 
at the anodes will readily hydrolyse to ferrous hydroxide, which in alkaline solution 
oxidizes to an oxide having the cubic structure (J., 1953, 129). On the other hand, 0-1N- 
disodium hydrogen phosphate has a pH of 8-4 and with this solution the ferrous phosphate 
formed at the anodes will be more stable to hydrolysis, but readily oxidized to ferric 
phosphate. 

The question arises as to the relative inhibitive function of the oxides and phosphates 
in the film. With the dibasic salt, the partial-immersion tests (Table 2) indicate that when 
the air-formed film was thin the presence of phosphates in the film was necessary for 
inhibition; on the other hand, when the air-formed film was thick the presence of phos- 
phates in the film was not necessary. With the tribasic salt only small quantities of phos- 
phate were detected in the films, and the partial-immersion tests showed that these com- 
pounds were not essential for the development of passivity. It should be noted that 
in these immersion tests the solutions were N with respect to sodium tartrate, both ferrous 
and ferric phosphates being soluble in such a solution. 

The conclusions to be drawn from this investigation are that when iron, carrying its 
air-formed film, is immersed in 0-1N-trisodium phosphate, -sodium carbonate, or -sodium 
borate in the presence of air, the weak areas in the air-formed film are repaired by the form- 
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ation of y-Fe,O,, Fe,0,, or an intermediate compound, as with 0-1N-sodium hydroxide. 
0-1N-Disodium hydrogen phosphate behaves similarly, but forms some FePO,,2H,O, 
which may be essential for inhibition, particularly when the air-formed film is weak. _ 
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Colouring Matters of the Aphidide. Part VIII.* Studies on the Nature 
of the Aromatic Ring System in the Erythroaphins. 
By B. R. Brown, A. W. JoHnson, J. R. QuAYLE, and A. R. Topp. 
[Reprint Order No. 4606.] 


Fusion of erythroaphin-s/ with zinc dust yields a complex mixture of 
hydrocarbons from which fractions have been separated showing the charac- 
teristic ultra-violet absorption of perylene, 1 : 12-benzoperylene, and coronene 
derivatives. The nature of the carbon skeleton of the erythroaphins is 
discussed in the light of this evidence, and that of the similarity between the 
absorption spectrum of perylene and of tetra-acetyldihydroerythroaphin. 


EARLIER papers in this series (J., 1950, 477, 485, 3304; Nature, 1948, 162, 759) have 
described the isolation of protoaphins, the characteristic pigments of the hemolymph of 
many aphid species, and their stepwise conversion into the deep red erythroaphins. For 
reasons associated mainly with the availability of insect material, structural investigation 
of the latter has so far been largely confined to erythroaphin-/b derived from the black 
aphid Aphis fabae and erythroaphin-s/ derived from the willow aphid Tuberolachnus 
salignus, although there is evidence that other members of the erythroaphin group exist 
(Part V, J., 1951, 2633). Erythroaphin-/b and -s/ are isomeric polycyclic dihydroxy- 
quinones of formula CyfI,,0,; they have identical ultra-violet absorption spectra and are 
remarkably similar in their general chemical behaviour. There can be no doubt that they 
contain the same chromophoric system and so they can be used to some extent indiscrimin- 
ately in endeavouring to settle the nature of the aromatic nucleus of the erythroaphins ; 
this is fortunate since the availability of individual aphid species, and hence of the two 
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erythroaphins, varies considerably from year to year. Spectroscopic studies (Part V; 

Johnson, Quayle, Robinson, Sheppard, and Todd, /., 1951, 2633) suggested that the 

quinone system in the erythroaphins extends through more than one ring. The observation 

that erythroaphin-/d (and, as will be shown in a later paper, also erythroaphin-s/) undergoes 

Thiele acetylation and reacts readily with ammonia and amines to give diamino-derivatives, 

or with alkaline potassium permanganate to give dihydroxyerythroaphin-/b, adds strong 
* Part VII, J., 1952, 4928. 
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support to this view (Part VII, J., 1952, 4928). These reactions, which are interpreted as 
the normal addition reactions of quinones, indicate that the rings containing the quinone- 
carbonyl groups must contain unsubstituted positions, 1.e., that they cannot be in rings 
flanked on both sides by benzenoid nuclei as in anthraquinone. The fact that diamino- 
derivatives are produced under mild conditions supports the concept of an extended 
quinone system since 1: 4-naphthaquinone under similar conditions yields only mono- 
amino-derivatives. The simplest expression covering these and other facts (e.g., the form- 
ation of mellitic acid on oxidation of erythroaphins with nitric acid) was the partial structure 
(I) for the two erythroaphins (Part VII, loc. ctt.). 

Attempts to obtain definite evidence for the nature of the aromatic ring system present 
in the erythroaphins by oxidative degradation have so far yielded little information and 
other methods of attack have been examined. Of these, fusion with zinc dust has given the 
most decisive results. Since its introduction by Graebe and Liebermann (Ber., 1868, 1, 49), 
distillation with zinc dust has been widely used for the conversion of polycyclic hydroxy- 
quinones into the parent hydrocarbons; although the method generally gives extremely 
low yields, the various aromatic hydrocarbons can be readily recognised, even in trace 
amounts, by their characteristic ultra-violet and visible absorption spectra (cf. Clar, 


Scheme for Chromatographic Separation of Hydrocarbons from Zinc Dust Fusion 
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‘ Aromatische Kohlenwasserstoffe, Springer Verlag, Berlin, 1952). Fusion with zinc dust 
in a zinc chloride-sodium chloride melt (Clar, Ber., 1939, 72, 1645) is a practical improvement 
over the traditional distillation procedure, and in our experiments we applied it to erythro- 
aphin-s/. 

After many preliminary experiments the optimum procedure for the zinc dust fusion 
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was established as a preliminary fusion at 215—220° for 10 minutes, followed by further 
heating at 290° for 15 minutes. Even under these conditions the overall conversion into 
hydrocarbons was very low and the reaction was doubtless complicated by pyrolytic 
decomposition of the erythroaphin (Part V, loc. cit.). Moreover the yield of mixed hydro- 
carbons decreased on increasing the scale of individual fusions (cf. Witkop, Annalen, 1943, 
554, 122) so that it was necessary to do each experiment with only 20 mg. of erythroaphin- 
sl; in all 250 such experiments were carried out. The combined products from all these 
fusions were freed from inorganic material and phenols, and then carefully fractionated by 
chromatography on aluminium oxide followed, in the case of some fractions, by sublimation. 
The course of the separation is summarised in the Table. The nature of the products was 
established by their ultra-violet absorption spectra, determinations being made on every 
fraction throughout the separation process. 

As a result of this work three aromatic ring-systems were detected, viz., perylene (II), 
1 : 12-benzoperylene (III), and coronene (IV). As far as we are aware this is the first 
occasion on which any of these systems has been found in the degradation products of a 
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substance produced by a living organism. A substantial amount of smaller hydrocarbon 
fragments (probably both di- and tri-cyclic) were produced, but these were not examined 
further since they were obviously products of more extensive breakdown and were therefore 
less relevant to our immediate aim. The benzoperylene fraction gave a crystalline picrate 
from which the parent hydrocarbon could be regenerated but could not be crystallised and 
was obviously a mixture. Its analysis corresponded to that of a benzoperylene bearing 
4—6 methyl groups or their equivalents. That it was a mixture of alkyl-1 : 12-benzo- 
perylenes was also suggested by its ultra-violet absorption which showed a general batho- 
chromic shift when compared with that of authentic 1 : 12-benzoperylene (Fig. 1). Such 
a shift is produced on introducing alkyl substituents into a polycyclic system (cf. Jones, 
Chem. Reviews, 1943, 32,1; Badger, Pearce, ef al., ]., 1951, 3072; 1952, 1112), its extent 
depending on their number and nature, as well as on their positions. Both the coronene 
fraction itself and the corresponding picrate were obtained crystalline and may well have 
been homogeneous, but the very small quantity obtained (much smaller than that of the 
perylene and the benzoperylene fractions) did not permit analysis. In this case, too, the 
ultra-violet absorption maxima of the hydrocarbon were shifted to longer wave-lengths 
than in authentic coronene, suggesting the presence of alkyl substituents (Fig. 2). The 
perylene fraction was likewise characterised by its absorption spectrum (Fig. 3); again 
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there was a shift indicating alkyl substituents; unfortunately chromatography failed to 
separate completely the benzoperylene impurity present in this fraction, nor could it be 
separated by recrystallisation of the picrate, so that no pure perylene derivative could be 
isolated in a crystalline condition. 

Since the spectroscopic evidence indicates clearly the presence of the perylene, 1 : 12 
benzoperylene, and coronene systems in the products of zinc dust fusion of erythroaphin-s/, 
we tried to obtain homogeneous individual hydrocarbons, in sufficient quantity to determine 
the nature and location of substituents, by reduction of erythroaphin with phosphor::s and 
hydrogen iodide followed by distillation over copper (cf. Brockmann, ‘ Progress in Organic 
Chemistry,” Butterworth, London, 1952, Vol. I, p. 69); but, although the presence of 
benzoperylenes could be detected spectroscopically in the non-acidic fraction, the products 
appeared even more complex than those from the zinc dust fusions, and the method 
was not further pursued. 

The experiments described in this paper provide strong support for the partial structure 
(I) for the erythroaphins, but the question arises whether the carbon skeleton of the original 


Fic. 3. Absorption spectra of perylene (——) Fic. 4. Absorption spectra of perylene (——) in 95% 
and the perylene fraction ( ) from the EtOH and of tetra-acetyldihydroerythroaphin-sl 
inc dust fusion of erythroaphin-sl (in 95% ) in EtOH containing 5% of CHCl. 
EtOH) 
20 


y) 


- 


3 
3 
8 
w 
&/. 
x 
s 
~ 
Dd 
Ss 
S 


\ 
1 J 1 . i 


350 400 450 300 
Wave-/ength (mp) 


i i 
250 300 350 400 450 
Wave-length (mz) 


pigment is that of perylene, 1 : 12-benzoperylene, or coronene, t.c., whether the coronene 
fraction of the zinc dust fusion products is formed by ring closure or the benzoperylene and 
perylene fractions by ring fission during the reaction. -Cyclisations involving suitably 
placed methyl groups in aromatic ring systems during high-temperature reactions have 
frequently been reported, e.g., the production of anthrodianthrene from hypercin or 2 : 2’- 
dimethylnaphthodianthrene on zinc dust fusion (Brockmann, Joc. cit.), of coronene from 
9 : 12-dimethyldibenzophenanthrene-3-carboxylic acid by fusion with potassium hydroxide 
(Newman, J. Amer. Chem. Soc., 1940, 62, 1683), and of pyrene by heating of 4 : 5-dimethyl- 
phenanthrene with selenium at 300° (Newman and Whitehouse, ibid., 1949, 71, 3664). 
On the other hand the formation of small aromatic fragments by ring-fission is a well-known 
feature of high-temperature selenium dehydrogenations in, for example, the triterpene 
series (Jeger, Fortschr. Chem. Org. Naturstoffe, 1950, 7, 15). Perylene, benzoperylene, and 
coronene all show high stability when fused with zinc dust under the conditions used in 
our experiments, a fact which suggests that in erythroaphin only the perylene system is 
present, ¢.e., that the additional carbon atoms which give rise to the coronene and benzo- 
perylene nuclei are not present in aromatic rings. This suggestion is strongly reinforced 
by a consideration of the absorption spectra of the tetra-acetyldihydroerythroaphins. 
In general the acetyl derivatives of reduced quinones have absorption spectra closely 
resembling those of the parent hydrocarbons, the acetoxy-groups causing only a weak 
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bathochromic shift (cf., e.g., Brockmann, doc. cit., p. 71). Tetra-acetyldihydroerythroaphin- 
si (Part III, /., 1950, 485) has an ultra-violet absorption spectrum which closely resembles 
that of perylene (Fig. 4) but is quite unlike those of benzoperylene and coronene. It is 
also significant that 3:4:9:10-tetrabenzoyloxyperylene (Pestemer, Schmidt, Schmidt- 
Wiligut, and Manchen, Monatsh., 1938, 71, 432) (t.c., the benzoyl derivative from the 
undescribed 3 : 10-dihydroxyperylene-4 : 9-quinone) has a spectrum intermediate between 
those of perylene and tetra-acetyldihydroerythroaphin-s/. 

Accepting this view, then to accommodate the results of the zinc dust fusion it must be 
assumed that in the erythroaphins at least one out of each pair of positions 1 : 12 and 6:7 
in the perylene system of (I) must bear a saturated substituent attached through carbon. 
The evidence here presented does not permit decision between the various possibilities, 
1.e., between a perylene with 2, 3, or 4 aliphatic side chains, a dihydrobenzoperylene with 
a side chain or chains at 6 or 7, and a derivative of 1 : 2: 7: 8-tetrahydrocoronene. These 
saturated portions of the molecule must accommodate the four unplaced oxygen atoms of 
erythroaphin, a fact which could, in any case, account for the very low yield of coronene 
derivative(s) obtained on zinc dust fusion. 

EXPERIMENTAL 

Solvents.—Benzene and light petroleum (b. p. 40—60°) used for the chromatography were 
purified by repeated shaking with concentrated sulphuric acid, until the acid was no longer 
discoloured, and then washed with water, dried (CaCl,), and finally distilled and stored over 
sodium. Unless otherwise stated, light petroleum refers to the fraction of b. p. 40—60°. 

Alumina was graded by the procedure of Brockmann and Schodder (Ber., 1941, 74, 73). 

Ultra-violet absorption spectra were measured in benzene or 95% ethanol solution. 

Zinc Dust Fusion of Erythroaphin-s|.—Erythroaphin-s/ (20 mg.) was added to sodium chloride 
(‘‘ AnalaR ’’; 200 mg.) and zinc dust (‘‘ AnalaR’’; 400 mg.). Zinc chloride (1 g.) was added 
and the mixture intimately mixed and transferred to a test-tube (6 x 3”) and fused at 215—220° 
for 10 min. and then at 290° for 15 min. in a salt-bath, with continuous stirring by a glass rod. 
The products of 250 such fusions were combined and digested with 3n-hydrochloric acid (1-2 1.), 
and the residue was separated, thoroughly washed with water, dried at 100°, and exhaustively 
extracted with benzene (Soxhlet). The benzene extract was shaken with 5% sodium hydroxide 
solution (4 x 125 c.c.) to remove phenols, washed with water, dried (CaCl,), and concentrated 
to 200 c.c. before chromatography on a short column of grade III alumina (130 g.) (see Table). 
The column was developed with more benzene, and the following fractions were taken : Fraction 
A (350 c.c.) on evaporation gave a brown oil (561 mg.) which was subjected to further chromato- 
graphy (see below). Fraction B (500 c.c.) gave a brown solid (82 mg.) after removal of solvent. 
Further chromatography of this fraction indicated that it was very similar to fraction A on the 
basis of ultra-violet spectra. Fraction C [250 c.c. of benzene—ethanol(10: 1)] also gave a brown 
solid (184 mg.). Further chromatography gave fractions with indeterminate spectra which 
were not further investigated. 

Fraction A was dissolved in benzene-light petroleum (1:2; 300c.c.), brought on to a column 
of grade I alumina (2-5 x 30 cm.), and developed with the same solvent. Fractions were taken 
as shown in the scheme on p. 108, fractions 1—27 being 250 c.c. each, nos. 28—35 500 c.c., and 
nos. 36—42 11. each. For fractions 43—52 the solvent was changed to benzene (500 c.c. per 
fraction). f 

Perylene fraction. Fractions 5—21, which from the intensity of absorption at 440 mu were 
estimated as containing 23 mg. of perylenes, were dissolved in benzene-light petroleum (1: 3; 
30 c.c.) and re-chromatographed on a column of grade I alumina (18 x 2cm.). The column 
was developed with the same solvent and the fractions (250 c.c. each) shown in the scheme were 
taken. Fractions 2’—5’ had a spectrum very similar to that of the original mixture. So had 
fractions 6’—11’, except that the relative height of the peaks around 300 my was higher. It 
was evident that no further separation had been achieved in this experiment. In another 
attempt fractions 2’—5’ in benzene-light petroleum (1: 5; 72 c.c.) were brought on to a column 
of mixed alumina-calcium hydroxide—Hyflo Supercel (3: 1:1) (28 x 8 cm.) (Zechmeister and 
Koe, Arch. Biochem., 1952, 35, 1). The mixture was developed with the same solvent and, 
when the lowest fluorescent zone had reached the bottom of the column, the adsorbent was 
extruded and cut into eight fractions, each containing portions of the fluorescent zones. Each 
was eluted with benzene-ethanol (4: 1), and the ultra-violet spectrum of each fraction deter- 
mined. No marked separation was achieved. The fractions were combined, dissolved in 
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benzene, and converted into the picrate which formed brown needles. Reconversion of the 
picrate into the hydrocarbon on a short column of alumina gave a product which still contained 
benzoperylene. 

Benzoperylene fraction. Fractions 25—-42 (see scheme) were a greenish-yellow oil, estimated 
spectrophotometrically to contain 20 mg. of a benzoperylene. It was dissolved in hot benzene 
(8 c.c.), and picric acid (30 mg.) in benzene (1 c.c.) added. The brown crystalline picrate which 
separated (29 mg.) was dissolved in benzene (30 c.c.) and brought on to a small column of alumina 
to afford the hydrocarbon, which was sublimed at 0-1 mm. A trace of a clear non-fluorescent 
oil distilled first, which was rejected, but the main bulk distilled at 250° as a viscous greenish 
oil [Found : C, 93-7; H, 6-6. Calc. for C,.H,(CH;),4: C, 93-9; H, 6-1. Calc. for C,.H,(CHs), : 
C, 93:3; H, 6-7%]. The remainder of the sample (estimated spectrophotometrically to contain 
8-8 mg. of benzoperylene derivative) was dissolved in benzene, and picric acid (7-5 mg.) was 
added. The picrate crystallised as long reddish-brown needles which were re-converted into 
the hydrocarbon once again by the action of alumina and re-formed in benzene solution by the 
addition of picric acid (6 mg.). The picrate (10 mg.) slowly melted at 195° but was unstable at 
100°. It was dried at room temperature/10 mm. [Found: C, 71-9; H, 5-5; N, 6-4. 
C,,H,(CH;),,C,H,O,N;,CgH, requires C, 71-4; H, 4-6; N, 6-6. C,,H,(CH;),,C,H,O,N,,C,H, 
requires C, 71-9; H, 5-0; N, 63%]. The ultra-violet absorption spectrum of the purified 
hydrocarbon in ethanol (95%) showed maxima at 395, 374, 356, 334, 308, 296, 285, and 227 my. 
(Ei% 462, 418, 210, 122, 1470, 1070, 660, and 1070 respectively) and an inflection at 258—262 
my (E}%,, 425). 

Coronene fraction. Fractions 43—52 (see scheme) were introduced in benzene-light petrol- 
eum (1:2; 90c.c.) on toa column of grade I alumina and developed in benzene-—light petroleum 
(1:1). Fraction A’ (1 1.) showed atypical benzoperylene spectrum. Fraction B’ (1-5 1.) wasa 
mixture of benzoperylene and coronene derivatives, separated by sublimation and further 
chromatography (see below). Fraction C’ (2 1.) showed a typical coronene spectrum. 

Fraction B’, after removal of solvent, was sublimed at 5 x 104mm. At 80—140° a clear 
non-fluorescent oil was obtained, showing no marked absorption in the ultra-violet, and was 
therefore not further investigated. The residue was kept at 160°/10+ mm. for 6 hr., a pale 
green oil distilling, the spectrum of which showed it to be a mixture of benzoperylene and 
coronene derivatives. The residue was a coronene derivative virtually free from benzoperylene 
and was combined with fraction C’. The mixture of benzoperylene and coronene derivatives 
obtained as the sublimate was brought in benzene-light petroleum (1: 2; 75c.c.) on toa column 
of alumina (Grade I) and developed with the same solvent. Twenty fractions were taken 
(12 x 250 c.c., then 8 x 500 c.c.), of which the first two exhibited a typical benzoperylene 
ultra-violet spectrum, and fractions 14—20 showed a typical coronene spectrum. 

The combined coronene fractions (fraction C’ + the unsublimed residue from fraction B’ + 
the coronene obtained in the sublimate from fraction B’) were estimated spectrophotometrically 
to contain 1-4 mg. of coronene derivative, which after removal of the solvent formed a yellowish 
viscous oil. It was dissolved in a little benzene, a solution of picric acid (1-2 mg.) in benzene 
added, and the mixture warmed. After concentration and cooling the picrate crystallised as 
small reddish rods which were separated (centrifuge) and recrystallised from benzene. The 
picrate slowly melted at > 200° with decomposition. It was re-converted in benzene solution 
into the parent hydrocarbon on a small column of alumina, and the product sublimed at 200°/0-1 
mm. as a yellow semi-solid mass. This was made into a mull in Nujol for infra-red examination 
(below) and subsequently washed into a small test-tube with benzene. Removal of the benzene 
gave a concentrate from which clusters of yellow needles slowly separated. The crystals (0-2 
mg.) were washed with light petroleum and dried at 100°/14 mm. The ultra-violet absorption 
spectrum (Fig. 2) of a solution in benzene showed maxima at 363, 351, 335, 315, and 302 mu. 
The infra-red spectrum showed distinct maxima at 6-20, 7-70, and 11-33 p. For comparison the 
infra-red spectrum of coronene was determined as a mull in Nujol, the following maxima being 
observed : 6-23, 7-62(s), 10-45, 11-78(s), and 13-0 wu. 


This work was carried out during the tenure of an 1851 Senior Studentship by B. R. B., and 
of a D.S.I.R. Senior Award by J. R.Q. We are deeply indebted to Dr. Otto Bayer of Farbwerke 
Leverkusen for generous samples of coronene, Imperial Chemical Industries Limited, Dyestuffs 
Division, for gifts of perylene and intermediates for its preparation, and to Professor J. W. Cook 
for an authentic specimen of 1 : 12-benzoperylene. 
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The Reduction of Some Methyl Phenyl Ketones, the Corresponding 
Carbinols, and 2-Methyl-2-phenyl-1 : 3-dioxolans with Sodium or 
Potassium and Alcohols in Liquid Ammonia. 


By A. R. PINDER and HERCHEL SMITH. 
[Reprint Order No. 4561.] 


The action of potassium /ert.-butoxide in liquid ammonia on acetophenone 
and o-methoxyacetophenone gives the corresponding enolates, which are not 
reduced by the further action of potassium and ?ert.-butanol in liquid 
ammonia. The factors involved in the protection against hydrogenolysis of 
the hydroxyl group of alcohols of «-methylbenzyl alcohol type are discussed. 
Reduction with sodium and methanol in liquid ammonia of 2-methyl-2- 
phenyl-1 : 3-dioxolan and the o-, m-, and p-methoxy-derivatives gives ethyl- 
benzene and the corresponding ethylanisoles, which can undergo further 
reduction in the aromatic nucleus. The mechanism of these reductions is 
discussed. The same reagent completely hydrogenolyses 2-methyl-2-phenyl- 
1 : 3-oxathiolan. 


PRELIMINARY attempts to obtain 2-acetylcyclohex-2-enone (I), an important intermediate 
in steroid synthesis, have already been described (Smith, J., 1953, 803). It has been 
suggested (unpublished observations by Birch and Robinson) that (I) might be obtained 
by reduction by Birch’s method (/., 1944, 430, and later papers) of a suitable aromatic 
precursor, and the present investigation is essentially an exploration of this idea. 

Clearly the most suitable compound for reduction is o-methoxyacetophenone, possessing 
the correct side-chain and an oxygen function ortho to it, provided that the carbonyl group 
can be protected against the sodium-—liquid ammonia—alcohol reagent. Birch (Quart. 
Reviews, 1950, 4, 93) has indicated that the enol salts of certain unsaturated ketones are 


CH, OK cH, 


(IIT) 


stable enough for this purpose, and so we investigated first the reduction of the potassium 
enolates (II; R = H) and (II; R = OMe) of acetophenone and o-methoxyacetophenone, 
respectively. Birch (J., 1950, 1551) has postulated that the hydrogenation of an aromatic 
system by a dissolving metal proceeds by electron and proton addition in either successive 
or simultaneous stages depending on the conditions, the rate- or potential-determining 
stage being the addition of the first electron. In the reduction of benzene rings containing 
a carboxyl group the 1 : 4-addition of hydrogen occurs at positions which include the 
substituted one (Birch, J., 1950, 1551; Birch, Murray, and Smith, /J., 1951, 1945), 
and this effect has been ascribed to the ability of the alkali-metal carboxylate 
group to stabilise a negative charge on an adjacent nuclear carbon atom by the 


3 é 
resonance >C—C(ONa)=—O S>C=(ONa)-O (cf. Birch, Quart. Reviews, 1950, 4, 88). A 


similar resonance is clearly possible in the formally analogous potassium enolate group, 
and although the charge-stabilising effect of the latter would not be expected to be as 
powerful as that of the alkali-metal carboxylate group, owing to the lower electron-affinity 
of the methylene group compared with oxygen, it was considered that the effect might 
operate sufficiently strongly to direct the addition of hydrogen to positions 1 and 4 of 
(Il; R-=H) and (II; R= OMe) to give (III; R =H) and (III; R= OMe), 
respectively. Acid hydrolysis of the latter, followed by double-bond shift would then give 
the desired (I). 
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The enol form of acetophenone has been estimated to have a pK value of 10 (McEwen, 
J. Amer. Chem. Soc., 1936, 58, 1124), and therefore should be a strong acid in liquid 
ammonia (pK about 34; Makishima, J. Fac. Eng. Tokyo Imp. Univ., 1938, 21,115). Also, 
it should be possible to prepare the potassium enolate by a simple metathesis in liquid 
ammonia between acetophenone and the potassium salt of a sufficiently weak acid. tert.- 
Butanol is such an acid (pK 19; McEwen, Joc. cit.) and is especially suitable since it can be 
used as a proton source in the subsequent reduction with potassium. This type of 
reduction of the potassium enolate of acetophenone was first investigated by Birch and 
Smith (unpublished work), who observed the presence of unchanged acetophenone in the 
product. No evidence for the presence of 3-acetylcyclohexa-1 : 4-diene (capable of forming 
an addition compound with sodium hydrogen sulphite) was obtained. This reaction has 
now been examined in detail. We have found about 10% of unchanged acetophenone in 
the product when the reduction is started within several minutes of the addition of aceto- 
phenone to a solution of potassium /ert.-butoxide in liquid ammonia. The remainder of 
the product consists of ethylbenzene or 1-ethyleyclohexa-1 : 4-diene, depending upon the 
amount of reducing agent used. When the reduction is started three hours after the 
addition of acetophenone to a solution of potassium /ert.-butoxide in liquid ammonia, no 
reduction product is obtained, acetophenone being recovered. Under similar conditions, 
without preliminary treatment with potassium f¢ert.-butoxide, acetophenone is completely 
transformed into ethylbenzene or its nuclear reduction product. This is not surprising, 
since it would first be converted into «-methylbenzyl alcohol (cf. Birch, Quart. Reviews, 
1950, 4, 88), which is known to be hydrogenolysed completely (idem, J. Proc. Roy. Soc. 
N.S.W., 1950, 83, 245). The most reasonable interpretation of these data is that the 
potassium enolate of acetophenone is unaffected by the potassium-ert.-butanol-liquid 
ammonia reagent, and that the following equilibria : 


Ph-CO-CH, === Ph-C(OH):CH, + ButOK ——™ Ph-C(OK):CH, + Bu'OH 


which are involved in the formation of the potassium enolate from acetophenone and 
potassium fert.-butoxide in liquid ammonia, are relatively slow to be established under the 
conditions we used. Thus, if the reduction is started before the establishment of 
equilibrium, the enolate present is unattacked whilst the unchanged acetophenone is 
reduced in the usual way. The metathesis between a strong acid and the salt of a strong 
base and a weaker acid in a highly ionising solvent in general requires a low activation 
energy and so equilibrium is established rapidly. Hence it would appear that the initial 
enolisation is comparatively slow and thus is the rate-determining stage in the formation of 
the potassium enolate of acetophenone by the above process. Similar results were 
obtained in the case of o-methoxyacetophenone. Reduction of the simple ketone resulted 
in complete hydrogenolysis of the side-chain oxygen and nuclear reduction to give 6-ethyl- 
cyclohex-2-enone, and reduction within several minutes of the addition of the ketone to a 
solution of potassium tert.-butoxide in liquid ammonia gave about 15% of the unchanged 
ketone, together with 25% of 6-ethylcyclohex-2-enone and 33% of a syrupy, involatile 
material, probably derived from a self-condensation product of o-methoxyacetophenone. 
The effect of leaving the mixture of ketone and potassium fert.-butoxide in solution in 
liquid ammonia for several hours was obscured by extensive formation of this involatile 
product. 

We next considered the possibility of achieving nuclear reduction in «-methylbenzyl 
alcohol and o-methoxy-«-methylbenzy] alcohol whilst protecting the side-chain hydroxyl 
group against hydrogenolysis. The reductive fission of allyl or benzyl alcohols by sodium 
and liquid ammonia can be prevented by inducing a negative charge on the oxygen atom 
through salt formation (Birch, Quart. Reviews, 1950, 4, 69), but we would point out that 
when a proton donor is required to achieve nuclear reduction, the effectiveness of the 
method will depend on the relative acid strengths of the alcohol to be reduced and that used 
as proton source, since the equilibrium between the salt of the former and the latter would 
be established before appreciable reduction could occur. Conant and Wheland (J. Amer. 
Chem. Soc., 1932, 54, 1212) have examined a number of metatheses of the type : 

R,OH + R,OM = R,OM + R,OH, 
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where R,OH and R,OH can be alcohols and M an alkali metal, and, making a number of 
reasonable assumptions, have derived for equilibrium the (corrected) expression : 
pk, — pk, = log OH] — 

‘rom this expression it may be deduced that if at equilibrium R,OM is to be decomposed to 
the extent of only 10% by a three-fold excess of R,OH, then R,OH must be a stronger 
acid than R,OH by approximately 2-6 pK units, and that if R,OM, acting upon R,OH 
in the presence of a three-fold excess of K,OH, is to give at equilibrium 90% of R,OM, then 
R,OH must be a stronger acid than R,OH by 2-5 pK units. Hence if «-methylbenzyl and 
o-methoxy-«-methylbenzyl alcohols are to be protected against hydrogenolysis when 
tert.-butanol is used as proton source during reduction by Birch’s method they are required 
to have pKs of the order of 16—17. No data are available for these carbinols, but it is 
known that the pK of benzyl] alcohol is 18, and, owing to the electron-repelling effect of the 
methyl group, the value for «-methylbenzyl alcohol must be greater than this. If the 
effect of the additional methyl group is of the same order as that found in passing from 
methanol (pK 16) to ethanol (pK 18), then the pk of «methylbenzyl alcohol would be 
expected to be about 20. A comparison of the acid strengths of benzoic and o-methoxy- 
benzoic acid (Dippy, Chem. Reviews, 1939, 25, 206; Jones and Speakman, /., 1944, 19) 
indicates that o-methoxy-«-methylbenzyl alcohol should be only a very slightly stronger 
acid than the unsubstituted carbinol. It would appear therefore that both carbinols are 
not sufficiently acidic to be protected conveniently against hydrogenolysis, and in confirm- 
ation of this view we have observed that both, after preliminary treatment with one 
equivalent of potassium fert.-butoxide, gave reduction products almost identical with those 
obtained without such preliminary treatment. These results indicate that the equilibrium, 
Ph-CHMe:OH +- ButOK === Ph-CHMe:OK -++ Bu'OH, lies to the left almost completely. 

We next studied the formation of cyclic ethylene ketals (dioxolans) as a means of 
protecting the carbonyl group in various acetophenones. This means has been used for 
the protection of the 3-oxo-group of various steroids during reduction by Birch’s method 
of another portion of the molecule (Sarett ef al., J. Amer. Chem. Soc., 1952, 74, 4974; 
3ernstein, Littell, and Williams, ibid., 1953, 75, 1481), and we have confirmed that the 
cyclic ethylene ketal of cyclohexanone is unattacked under the conditions we used. The 
cyclic ketals (dioxolans) from acetophenone and its o-, m-, and #-methoxy-derivatives 
were obtained by Salmi’s general method (Ber., 1938, 71, 725), that from p-methoxy- 
acetophenone being the least readily formed, in accord with observations by Birch, 
Quartey, and Smith (J., 1952, 1768) that 6-methoxy-1l-oxotetralin failed to give derivatives 
of this type. Reduction of the dioxolans in liquid ammonia with 6—10 atoms of sodium, 
with methanol as proton source, resulted in each case in complete hydrogenolysis of the 
ketal grouping, which could be accompanied by further nuclear reduction of the inter- 
mediate ethylbenzene or ethylanisole. Evidence has been presented (cf. Birch, Quart. 
Reviews, 1950, 4, 72) that the transition state for the reductive fission of various ethers and 
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alcohols by sodium in liquid ammonia involves anions rather than radicals, and there seems 
no reason to doubt that the hydrogenolysis of our dioxolans entails similar anionic inter- 
mediates. We envisage the hydrogenolysis of, e.g., the dioxolan (IV; R’ = R” = 

R’” = H), to proceed first by the addition of two electrons to give (V), a process which 
would be facilitated both by the ability of the aromatic nucleus to stabilise a negative 
charge, and by the high affinity for electrons of the oxygen atoms present in the dioxolan 
ring. Addition of two protons gives 1-2’-hydroxyethoxyethylbenzene, and this, like 
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other benzyl ethers, is hydrogenolysed to ethylbenzene by the addition of two more 
electrons and protons. A two-stage mechanism of this type is more feasible than one 
involving the addition of four electrons in one stage, since this would necessitate the develop- 
ment of two negative charges on the carbon atom adjoining the nucleus, and the energy of 
activation for the process is likely to be prohibitively high. If a two-stage mechanism is 
in fact involved, then the second stage must be the easier (this would not be surprising in 
view of the fact that benzyl ethers are split by sodium and ammonia even in the absence of 
alcohols), since reduction of (IV; R’ = R” = R’” = H) with only two atoms of sodium 
and methanol gave ethylbenzene together with unchanged dioxolan, but no 1-2’-hydroxy- 
ethoxyethylbenzene. The hydrogenolysis of the methoxyphenyldioxolans would be 
expected to proceed by similar mechanisms. The o-methoxy-group could facilitate the 
process by virtue of its ability to stabilise, by the cyclic hyperconjugation mechanism 
illustrated in (VI), the negative charge on the carbon atom adjoining the benzene nucleus 
(cf. Birch, J. Proc. Roy. Soc., N.S.W., and Quart. Reviews, locc. cit.); the effect of the 
m-methoxy-group would, in any case, be small, but it might be expected that the 
p-methoxy-group by exerting its normal electron-repelling influence would tend to inhibit 
hydrogenolysis by destabilising a negative charge on the carbon atom involved in the 
hydrogenolysis. This effect has been observed with p-methoxy-z-methylbenzyl alcohol, 
which with two atoms of sodium is reduced preferentially in the benzene ring (Birch, 
J. Proc. Roy. Soc., N.S.W., loc. cit.), and with 6-methoxy-l-oxotetralin (Birch, Quartey, 
and Smith, loc. cit.), but no evidence of its operation could be detected in the reduction of 
2-p-methoxyphenyl-2-methyldioxolan, which with two atoms of sodium and proton donor 
gave f-ethylanisole and the unchanged dioxolan. It has been reported that the carbonyl 
group of anisaldehyde can be protected as the acetal during reduction of the benzene ring 
(Birch, Quartey, and Smith, Joc. cit.), and so it would appear that the strain energy of the 
five-membered dioxolan ring, even if comparatively low, can assist the reductive fission 
sufficiently to nullify the effect of the ~-methoxy-group. 

Since dialkyl sulphides, unlike dialkyl ethers, are reduced readily with sodium in 
ammonia (Williams and Gebauer-Fiillnegg, J. Amer. Chem. Soc., 1931, 58, 532) replace- 
ment of oxygen by sulphur in the dioxolan ring should increase the ease of reductive fission. 
We have observed that the normal reduction process converts 2-methyl-2-phenyl-l : 3- 
oxathiolan into ethylbenzene and 1-ethylcyclohexa-1 : 4-diene. 


EXPERIMENTAL 


All spectral measurements are by Dr. F. B. Strauss, with the technical assistance of 
Mr. F. Hastings. Ultra-violet absorption spectra were determined in methanol except where 
stated otherwise. 

o-Methoxyacetophenone.—o-Hydroxyacetophenone (Freudenberg and Orthner, Ber., 1922, 
55, 1749) was methylated with an excess of methyl sulphate and alkali as described by 
von Auwers (Annalen, 1915, 408, 246). The product, in ethereal solution, was washed with 
dilute sodium hydroxide solution until no more phenolic matter was extracted. The ketone 
nif 1-380 (yield 75%), distilled at 116°/11 mm.; infra-red absorption: bands at 5-95 (carbonyl), 
7:76, 8-04, and 9-80 (aromatic ether), and 8-90 and 13-27 p (o-disubstituted benzene ring). The 
2 : 4-dinitrophenylhydrazone separated from ethyl acetate in glistening, red rhombs, m. p. 185 
(Found: C, 54-5; H, 4-4. C,;H,,0,;N, requires C, 54-5; H, 4:2%); ultra-violet absorption in 
chloroform: max. at 225 (« = 11,300), 250 (« = 14,200), and 370 my (ce = 29,000). 

o-Methoxy-a-methylbenzyl Alcohol.—o-Methoxyacetophenone (5 g.) in methanol (30 c.c.) was 
added to a solution of sodium borohydride (2-6 g.) in methanol (100 c.c.), and the mixture heated 
on the water-bath for 45 min. Most of the methanol was removed under reduced pressure, and 
ether (250 c.c.) was added; the crystalline deposit dissolved on the addition of water (25 c.c.). 
The ethereal solution was washed with 1% aqueous acetic acid (2 x 50 c.c.), 5% sodium 
hydroxide solution (50 c.c.), and water (50 c.c.), and dried (potassium carbonate). Distillation 
gave the carbinol (4-6 g.), b. p. 124°/13 mm., n}? 1-539 (Klages, Ber., 1903, 36, 3588, gives b. p. 
119—120°/11 mm., mp 1-5379). The infra-red absorption spectrum showed a hydroxyl band at 
2-9—3-0 u, but no trace of a carbonyl band in the 6 pu region. 

a-Methylbenzyl Alcohol.—Acetophenone (10 g.) in dry ether (50 c.c.) was reduced with 
lithium aluminium hydride (1-5 g.) in ether (50 c.c.) as described by Larsson (Trans. Chalmers 
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Univ. Technol., 1950, No. 94, 15; Chem. Abs., 1951, 45, 1494). The carbinol (9-9 g.) distilled 
at 97°/17 mm. (Klages and Keil, Bey., 1903, 36, 1632, give b. p. 94°/12 mm.). Infra-red 
absorption : hydroxyl band at 3-0; no carbonyl band in the 6 p region. 

1 : 3-Dioxolans.—The following general method was used for the preparation of the 1 : 3- 
dioxolans (ethylene ketals). The ketone (5—10 g.), ethylene glycol (I—5 mols.), and toluene-p- 
sulphonic acid (10—20 mg.) in benzene (40 c.c.) were refluxed in a Dean and Stark apparatus 
until the elimination of water was complete (16—48 hr.). The cooled solution was diluted with 
ether, washed with sodium hydrogen carbonate solution and water, and dried, and the solvents 
evaporated under reduced pressure (Salmi e? al., Ber., 1938, 71, 1803; 1939, 72, 600; see also 
Sarett et al., J. Amer. Chem. Soc., 1953, 75, 422, 1716). The results are summarised in the 
table. 

1 : 3-Dioxolans, RR2?C<O Gia 
O-CH, 
Found, %, Reqd., ° 
M. p. Formula Cc H Cc 
5 73-2 
68-0 
68-0 


Glycols, Time, Yield, 

R, R, mol. ~ 
Me Ph 1-07 95 60—61° CioH 20, 729 
Me o-C,H,OMe 1:06 ‘ 124—125/11 mm.* C,,H,,0, 68-1 
Me m-C,H,OMe 3°85 7 47—48 C,,H,,0, 68-1 
Me /-C,H,OMe 5-0 35—36 C,,H,,O; 67:8 68-0 

* B. p. & Large hexagonal prisms from light petroleum (b. p. 40—60°). ¢ nlf 1-527. ¢ 
needles from light petroleum (b. p. 60—80°). Ultra-violet absorption: max. at 275 my (¢ = 2 
and 285 mp (€ = 2400). ¢ B. p. 136°/13 mm. 
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2-Methyl-2-phenyl-1 : 3-oxathiolan.—Acetophenone (8 g.) and 2-mercaptoethanol (10-4 g.) in 
dioxan (20 c.c.) were treated with freshly fused zinc chloride (10 g.) and freshly ignited 
anhydrous sodium sulphate (10 g.), and the mixture kept at room temperature for 24 hr. with 
occasional shaking (compare Djerassi, Romo, and Rosenkranz, J. Amer. Chem. Soc., 1951, 78, 
4961). Water (200 c.c.) was added and the product extracted with ether. The ethereal extract 
was washed with water several times, and dried (sodium sulphate), and the ether evaporated. 
The residual oil was distilled through a 15-cm. Vigreux column, the fraction of b. p. 132— 
133°/16 mm., n}7 1-610 (7-1 g.) (Found: C, 66-95; H, 7-0. C,,H,,OS requires C, 66-7; H, 
6:7%), being the oxathiolan. A small fore-run, b. p. <130°/17 mm. (3-2 g.), consisted chiefly of 
unchanged acetophenone. Infra-red absorption: bands at 6-26 and 6-73 (benzene ring), 13-17 
and 14-35 uw (monosubstituted aromatic ring); ether and thioether bands at 7-93, 8-25, and 
8-9 u. 

Reductions with Sodium or Potassium and Alcohols in Liquid Ammonia.—The following 
general procedure was adopted (cf. Birch, Jocc. cit.). To a mechanically stirred solution of the 
compound (5—10 g.), the alcohol (ca. 100 c.c.), and ether (50 c.c.) in liquid ammonia (500 c.c.) 
was added, in small portions at a time during 1 hr., sodium or potassium metal (2—160 g.-atoms), 
the blue colour being allowed to disappear between additions. The vigorously stirred solution 
was treated with ether (200 c.c.), followed by water (100 c.c.), the organic layer was separated, 
the aqueous layer extracted with more ether (3 x 100 c.c.), and the combined extracts washed 
with a little water and dried (Na,SO,). Evaporation of the ether in a stream of nitrogen gave 
the product. Hydrolysis of the reduction products of anisole derivatives was effected by 
refluxing them for 1 hr. with 10% sulphuric acid (100 c.c.) in an atmosphere of nitrogen, the 
product being isolated with ether. Reduction products were in all cases purified by 
fractionation through a 15-cm. Vigreux column. 

Acetophenone. (a) A solution of potassium (2-6 g.; 1 g.-atom) in /ert.-butanol (100 c.c.) was 
added to liquid ammonia (400 c.c.) with stirring, followed by acetophenone (8 g.). Reduction 
with potassium (16 g.; 6-2 g.-atoms) gave ethylbenzene (5-5 g.), b. p. 136—137°, nf 1-487, and 
unchanged acetophenone (1-0 g.), b. p. 202° (2: 4-dinitrophenylhydrazone, m. p. and mixed 
m. p. 247—248°). 

(b) A solution of potassium (3-25 g.; 1 g.-atom) in ¢ert.-butanol (175 c.c.) was added to 
liquid ammonia (500 c.c.) followed by acetophenone (10 g.), and the solution left for 
3hr. Further treatment with potassium (20 g.) had no observable effect, acetophenone (5-5 g.), 
b. p. 204°, being recovered (2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 247—-248°). 

a-Methylbenzyl alcohol. A solution of potassium (3-17 g.; 1 g.-atom) in /ert.-butanol (75 c.c.) 
was added to liquid ammonia (500 c.c.) with stirring, followed by the carbinol (9-9 g.). 
Reduction with potassium (25-4 g.; 8-1 atoms) gave l-ethylcyclohexa-1 : 4-diene (7-3 g.), b. p. 
139—141°/755 mm., n}8 1-770 (Found: C, 89-1; H, 11-0. C,H, requires C, 88-9; H, 11-1%). 
The infra-red absorption spectrum, with medium bands at 6-25 and 6-70 u, suggested that 
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the product contained a small proportion of ethylbenzene. Bands in the 6 region indicate 
the presence of the *CH:CH* system. When the product (1-0 g.) was shaken for several minutes 
with bromine water (200 c.c.), 1:2: 4: 5-tetrabromo-1l-ethylcyclohexane was obtained, forming 
glistening plates (3-8 g.) (from methanol), m. p. 146° (Found: C, 22-65; H, 3-1. C,H,,Br, 
requires C, 22-4; H, 2-8%). 

2-Methyl-2-phenyl-1 : 3-dioxolan (IV; R’ = R” = R’”’ =H). (a) The dioxolan (7:3 g.), 
methanol (60 c.c.), and ether (70 c.c.) in liquid ammonia (400 c.c.), reduced with sodium (7 g.; 
6-85 g.-atoms), gave ethylbenzene (5-0 g.), b. p. 135—138° (mainly 137°), nf? 1-486 (Found: C, 
90-3; H, 9-5. Cale. for CgH,): C, 90-6; H, 9-4%). The appearance of a turbidity when the 
product was kept overnight, and the slight reaction towards bromine water suggested that the 
product contained a little 1-ethyleyclohexa-1 : 4-diene. 

(b) The dioxolan (9-4 g.), reduced with sodium (2-65 g.; 2 g.-atoms) and methanol (30 c.c.) 
in liquid ammonia (400 c.c.) and ether (50 c.c.), gave ethylbenzene (2-4 g.), b. p. 44°/19 mm., 
n?2 1-495, and unchanged dioxolan (6-6 g.), b. p. 100—102°/19 mm., m. p. and mixed m. p. 
60—61°. 

2-Methyl-2-phenyl-1 : 3-oxathiolan. The thioketal (7 g.) in liquid ammonia (400 c.c.) and 
ether (50 c.c.), reduced with sodium (7 g.; 7-8 g.-atoms) and methanol (50 c.c.) gave ethyl- 
benzene (4-0 g.), b. p. 1839—140°/768 mm., nf 1-490. The product contained some 1-ethyl- 
cyclohexa-1 : 4-diene, as shown by the reaction towards bromine water, and the appearance of a 
turbidity when the product was kept for some hours. 

o-Methoxyacetophenone. (a) The ketone (7-5 g.), reduced in liquid ammonia (400 c.c.) and 
ether (50 c.c.) with methanol (75 c.c.) and sodium (15 g.; 13 g.-atoms), gave after hydrolysis 
6-ethylcyclohex-2-enone (3-5 g.), b. p. 85—86°/14—15 mm., ni§ 1-479 (Found: C, 77-5; H, 10-0. 
C,H,,O requires C, 77-4; H, 9-7%). Ultra-violet absorption: max. at 225 my (e = 7700). 
Infra-red absorption: bands at 5-96 («$-unsaturated carbonyl); slight evidence of saturated 
carbonyl band at 5-85 and of hydroxyl band at 2-87 u. The ketone gave two 2: 4-dinitro- 
phenylhydrazones, which were separated by fractional crystallisation from ethanol. The more 
insoluble separated from ethyl acetate in deep-red, glistening plates or needles, m. p. 226° 
(Found: C, 55-4; H, 54; N, 18-5. C,gH,g0,N, requires C, 55-3; H, 5-3; N, 18-4%); 
ultra-violet absorption (chloroform) : principal max. at 380 my (« = 23,800). The more soluble 
form crystallised from ethanol in orange-red needles, m. p. 137—-138° (Found: C, 55-6; H, 
5-6; N, 18-1%); ultra-violet absorption (chloroform) : principal max. at 380 my (¢ = 22,800). 
In view of the identity of the two curves, we consider it very likely that the two compounds are 
geometrical isomers. Birch (J. Proc. Roy. Soc., N.S.W., 1949, 88, 245) obtained a 2 : 4-dinitro- 
phenylhydrazone, m. p. 225°, from the reduction product of o-methoxy-«-methylbenzyl alcohol, 
stated to be that of 2-ethylcyclohex-2-enone. It is almost certain that this derivative is identical 
with ours of m. p. 226°, and must in fact be derived from 6-ethylcyclohex-2-enone, which is the 
ketone to be expected after acid treatment of an initial dihydro-derivative formed in accordance 
with Birch’s rules (J., 1944, 430). This structure is confirmed by the ultra-violet absorption 
spectrum (see above). Birch also reports the separation of a second 2: 4-dinitropheny]l- 
hydrazone, m. p. 118—119°, which he considered to be derived from 6-ethylcyclohex-2-enone ; 
it is possible that this product was impure and corresponds with ours of m. p. 137—138°. 

The semicarvbazone separated from aqueous methanol in clusters of irregular prisms, m. p. 
175—176° (Found: C, 59-7; H, 8-3. C,H,,ON, requires C, 59-7; H, 8-3%); ultra-violet 
absorption: max. at 265 my (¢ = 13,400), which is consistent with the assigned structure for 
the ketone (cf. Evans and Gillam, J., 1943, 565). 

(b) A solution of potassium (2-0 g.; 1 g.-atom) in éert.-butanol (60 c.c.) was added to liquid 
ammonia (600 c.c.) with stirring, followed by the ketone (7-5 g.; 1 mol.). Reduction with 
tert.-butanol (40 c.c.) and potassium (20 g.; 10 g.-atoms) gave after hydrolysis two fractions, 
(i) b. p. 84—90°/17-5 mm., nf 1-513 (1-8 g.), and (ii) b. p. 100—130° (mainly 115— 
120°) /16-5 mm., nj 1-379 (1-2 g.), together with an involatile syrup (2-5 g.). Fraction (i) 
showed bands in the infra-red at 5-97 («8-unsaturated carbonyl), 6-25, 6-70, and 13-31 (o0-di- 
substituted benzene ring) and 7-78 and 8-07 p. (aromatic ether). It gave two 2 : 4-dinitrophenyl- 
hydrazones, m. p. 225—226° and 137—138° alone or mixed with the respective derivatives of 
6-ethylcyclohex-2-enone (see above). Fraction (i) is therefore a mixture of the latter ketone and 
o-ethylanisole. Fraction (ii) gave an infra-red absorption curve almost identical with that of 
o-methoxyacetophenone. It formed a 2: 4-dinitrophenylhydrazone, orange-brown needles 
(from pyridine), m. p. 240° (Found: C, 54-8; H, 4:1. Calc. for C,5H,,0;N,: C, 54:5; H, 4:2%), 
which appeared to be a polymorphic form of o-methoxyacetophenone 2 : 4-dinitrophenyl- 
hydrazone, m. p. 184—185° (see above), since the mixture had m. p. 184—185° and the ultra- 
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violet absorption curves (chloroform) were identical. The syrupy residue crystallised partially 
on storage. 

(c) Experiment (b) above was duplicated, with the modification that the solution of the 
ketone and potassium /ert.-butoxide in liquid ammonia was kept for 4 hr. before reduction, 
during which time the solution darkened. The product (1-5 g.) distilled at 86—100°/19— 
20 mm. and had nj 1-514; it was found to be 6-ethyleyclohex-2-enone, containing a little o-ethyl- 
anisole (comparison of 2: 4-dinitrophenylhydrazones, and infra-red absorption spectra). An 
involatile syrup (3-0 g.) was obtained, which crystallised to a small extent when cool. With 
the aid of a little ether, the crystals, irregular prisms, m. p. 189—190° (Found: C, 62-0; H, 
6-4% ; M, 231), were collected. The substance was phenolic, and insoluble in ether, methanol, 
or ethanol. It afforded a brownish-red ferric test. Infra-red absorption: no hydroxyl band 
in 3p region, and no carbonyl band in 6y region. Ultra-violet absorption (acetic acid) : 
maxima at 245 my (e = 4000) and 280 my (e = 10,000). ; 

o-Methoxy-a-methylbenzyl alcohol. A solution of potassium (1-2 g.; 1 g.-atom) in ¢ert.- 
butanol (100 c.c.) was added to liquid ammonia (300 c.c.) with stirring, followed by the carbinol 
(3-6 g.). Reduction with potassium (9-7 g.; 10 g.-atoms) gave an oil (2-4 g.), b. p. 68°/13 mm. 
(Found: C, 79-2; H, 9-4. Calc. for C,H,,0: C, 79-4; H, 88%), which appeared to be mainly 
o-ethylanisole (Birch, Proc. Roy. Soc., N. S. W., loc. cit., gives b. p. 80°/14 mm.). Ultra-violet 
absorption : max. at 270 my (ce = 1100); infra-red absorption: bands at 6-25 and 6-70 (o0-di- 
substituted benzene), 8-07 (aromatic ether) and 5-87 and 5-93 p (both weak; ketones derived 
from the 1 : 4-addition of hydrogen to the aromatic nucleus). The product gave two 2: 4-di- 
nitrophenylhydrazones, in poor yield, identical with the two derivatives of 6-ethylcyclohex-2- 
enone, m. p. and mixed m. p. 226° and 137—138°. 

2-0-Methoxyphenyl-2-methyl-1 : 3-dioxolan (IV; R’ = OMe, R” = R’’ = H). The dioxolan 
(4-9 g.) in liquid ammonia (300 c.c.) and ether (50 c.c.) was reduced with sodium (5 g.; 8-7 g.- 
atoms) and methanol (30 c.c.). Hydrolysis and distillation gave an oil (2-7 g.), b. p. 72— 
73°/12 mm., uP 1-512 (Found: C, 79-1; H, 8-8. Calc. for C,H,,0: C, 79-4; H, 88%). The 
infra-red absorption spectrum, with bands at 7-80 and 8-10 (aromatic ether) and 8-90 and 
13-35  (o-disubstituted benzene), and no carbonyl band in the 6 » region, confirmed that the 
product was o-ethylanisole (b. p. 70—71°/11 mm.). 

2-m-Methoxyphenyl-2-methyl-1 : 3-dioxolan (IV; R’ = R’’ = H, R” = OMe). Reduction 
of the dioxolan in liquid ammonia (300 c.c.) with sodium (6-1 g.; 10 g.-atoms) and methanol 
(30 c.c.) gave an oil (3-2 g.), b. p. 74—77°/14 mm., u7? 1-490 (Found: C, 77-9; H, 10-0. C,H,,0 
requires C, 78-3; H, 10-1%), which appeared to be mainly 3-ethyl-2: 5-dihydroanisole. The 
ultra-violet absorption spectrum showed only a weak max. at 270 my (¢ = 600), indicating the 
presence of a small quantity of a cyclohexadiene with conjugated double bonds. Hydrolysis 
gave an oil (1-3 g.), b. p. 88—92°/14 mm., ujf 1-485 (Found: C, 77-4; H, 9-2. Calc. for 
C,H,,.0: C, 77-5; H, 9-7%), which was evidently 3-ethylcyclohex-2-enone. Blaise and Maire 
(Bull. Soc. chim., 1908, 4, 419), give b. p. 83°/8 mm. The infra-red absorption indicated that some 
aromatic material was present in the product (bands at 6-25, 6-75, and 8-0 yu), probably 3-ethyl- 
anisole. The ultra-violet absorption spectrum showed a max. at 230 my (¢ = 11,400), a rather 
low wave-length for the structure [compare 3-methylcyclohex-2-enone (R. M. Acheson, un- 
published work), max. at 240 my (e = 12,000)]. The 2: 4-dinitrophenylhydrazone separated 
from ethanol in orange-red needles, m. p. 163—164° (Found: C, 55-5; H, 5-1; N, 18-3. Calc. 
for C,4H,,0,N,: C, 55-3; H, 5-3; N, 18-4%), undepressed in m. p. on admixture with a 
specimen of the same derivative (m. p. 159—160°) of 3-ethylcyclohex-2-enone prepared by the 
unambiguous method of Woods and co-workers (J. Amer. Chem. Soc., 1949, 71, 2028) (specimen 
kindly supplied by Professor G. F. Woods, University of Maryland). 

2-p-Methoxyphenyl-2-methyl-1 : 3-dioxolan (IV; R’ = R” =H, R’’ = OMe). (a) The 
dioxolan (6-7 g.), reduced with sodium (1-67 g.; 2 g.-atoms) in liquid ammonia (300 c.c.) and 
ether (5 c.c.) and methanol (9 c.c.), gave two fractions: (i) (1-6 g.), b. p. 82—84°/17 mm., nj? 
1-509 (for p-ethylanisole, Klages, Ber., 1903, 36, 3593, gives b. p. 83—84°/16 mm., mp 1-509), and 
(ii) (3-8 g.) b. p. 154—160°/17 mm., infra-red examination of which indicated that it was chiefly 
unchanged dioxolan. 

(6) The dioxolan (9-4 g.), reduced in liquid ammonia (500 c.c.), ether (50 c.c.) and methanol 
(50 c.c.) with sodium (8:0 g.; 7-2 g.-atoms), gave after hydrolysis an oil (4:5 g.), b. p. 
88—93°/14-5 mm. (Found: C, 77:6; H, 9-7. C,H,,O requires C, 77-4; H, 9-7%), together 
with a little residue (0-8 g.). The product was chiefly 4-ethylcyclohex-2-enone; ultra-violet 
absorption : max. at 225 my (ec = 10,000), with a subsidiary max. at 285 my (e = 3650). Infra- 
red absorption: bands at 5-84 (medium intensity, saturated carbonyl), 5-97 (high intensity, 
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a8-unsaturated carbonyl), 6-35 and 6-62 (aromatic ring), and 6-12 (double bond) and an 
inflexion at 6-20 u (conjugated diene). The band at 285 my indicates the presence of an impurity 
containing a conjugated dienone system (Evans and Gillam, J., 1945, 432), and that at 5-84 u 
reveals the presence of material containing a saturated or #y-unsaturated carbonyl group 
(probably 4-ethylcyclohex-3-enone). The latter possibility is considered the more likely in view 
of the failure of certain 4-alkylcyclohex-3-enones to be isomerised to the corresponding cyclo- 
hex-2-enones on treatment with mineral acids (Birch and Mukherji, /., 1949, 2531). 
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Infra-red Absorptions and Molecular Structures of Phenol, 
Phenolphthalein, Fluorescein, and Some Alkali Derivatives. 


By MANSEL Davies and R. LUMLEY JONES. 
[Reprint Order No. 4612.] 


A study of the infra-red absorption spectra of phenol and the phenoxide 
ion has been combined with that of phenolphthalein, fluorescein, and alkali 
derivatives of these compounds with the aim of deciding between alternative 
structures suggested for these molecules and their derivatives. The results 
show that the ‘‘ classical’’ representation for fluorescein is to be preferred 
and also provide definite indications as to the nature of the bivalent ions and 
alkali addition compounds of these phthaleins. 


THE present paper presents the infra-red absorption spectra of certain phthalein derivatives 
which have been examined with a view to deciding major uncertainties in their represent- 
ations. Owing to the relative complexity of the molecules, the problem becomes one of 
identifying the infra-red absorption centres and, for this purpose, some of the absorptions 
of phenol and sodium phenoxide must be briefly considered. Between 650 cm.-! and 
1500 cm.' nearly 20 absorption peaks are found in dilute solutions of phenol—and thus 
all arise from monomeric molecules only (Davies, J. Chem. Phys., 1948, 16, 274). A 
number of sources [American Petroleum Institute Research Project 44, Catalog of Infra- 
red Spectral Data; Landolt-Bérnstein, “‘ Tabellen,” 6th edn., Vol. 1, part 2 (1)} show 
that within this range absorptions characteristic of the phenyl ring in monosubstituted 
benzene derivatives in the solid or liquid state may appear (usually within 5 cm.~) at the 
following wave-numbers : 682, 740 (+10), 832, 901, 990, 1000, 1020, 1065, 1090 (+-10), 
1128, 1157, 1175, 1234, 1300, 1323, 1374, 1385, 1440, 1474, 1483 (-.10), 1580. Corre- 
sponding to values in this sequence are absorptions in dilute phenol solutions at wave- 
numbers 689, 753, 827, (882), 993, 1020, 1064, 1101, 1163, (1314), 1382, 1471, (1497). 

A total of 27 vibrational modes are associated with the phenyl group, and a further six 
will arise in phenol. The latter are the v(O—-H) and v(C—O) stretching modes, the in- 
plane and out-of-plane angular oscillations of the hydrogen atom, t.e., (0-H) and y(O-H), 
and the similar angular oscillations of the hydroxyl group as a unit, #.e., 8(C-O) and 
y(C-O). The last two frequencies are expected to be close together if not, in practice, 
indistinguishable. 

Of the marked absorptions in monomeric phenol not yet ascribed to the phenyl nucleus 
are those at 810, 1150, 1179, 1256, 1332, and 1342cm.4. The identity of these absorptions 
is partly revealed by the spectrum of C,H,*OD in dilute solution (see Fig. 1). The 1332— 
1342 cm.' doublet, though changed in relative intensity, is undisplaced on deuteration : 
the 1256 cm.-! centre moves to 1247 cm."!, and the 1150—1179 cm.“ absorptions virtually 
disappear, but are replaced by absorptions at 909 and 919 cm.-!. This displacement 
identifies the absorptions as involving the hydroxyl group. That they correspond to both 
the in-plane and out-of-plane deformations is unlikely, as the out-of-plane mode is 
expected at a much lower frequency (e.g., for methyl alcohol at 270 cm.-!)._ Accordingly, 


[1954] Molecular Structures of Phenol, Phenolphthalein, etc. 121 


they must be ascribed to 3(O-H) which appears, for some reason which is not understood, 
intwocomponents. The 1256-cm.~! band can now, in conformity with previous suggestions 
(Kletz and Price, J., 1947, 644), be confidently ascribed to the v(C-O) mode. The displace- 
ment of 9 cm.-! on deuteration compares with that ot 14 cm.~! calculated on the diatomic 


approximation in the model (c)-@n). 


The doublet at 1332—1342 cm.! cannot be assigned with confidence. Although the 
1340-cm.-! absorption in methyl alcohol has been described as 8(C—O), it has also been 
suggested that it at least involves some other mode, 7.e., as a combination tone, and 
Kuratani (J. Chem. Soc. Japan, 1952, 78, 928) has described the 1280—1295 cm.-! doublet 
in pentachlorophenol as a vibration involving coupling between 8(O-H) and v(C-O). 
This particular assignment is unlikely in the present instance owing to the constancy of the 
doublet on deuteration. That these frequencies are connected with the 8- and y-(C-O) 
modes appears the least unsatisfactory suggestion when the behaviour on association is also 
considered (Davies, loc. cit.): they might be the first overtones or combination tones of 
these angular deformation frequencies. The remaining phenol absorption, at 810 cm.*}, 
is very probably one of the phenyl frequencies involving the out-of-plane deformation 
of the C-H aromatic bonds: its frequency varies with the substituents, and a strong 
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Fic. 1. Infra-red absorption spectra of : 
(a) solutions of phenol in carbon tetra- 
chloride; (b) solutions of deuterated 
phenol in carbon tetrachloride; (c) a 
solid film of sodium phenoxide; (d) a 
solid film of sodium benzoate. 
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band appears in fluorobenzene at 806 cm."!. It is of some importance that the phenyl 


absorption at 1163 cm.~! is present in both C,H,;-OH and CgH;OD : it appears in sodium 
phenoxide (solid), possibly accompanied by another vibration, as a strong doublet at 


1156—1165 cm.71, 

We have failed to find a record of the phenoxide ion absorptions. Comparison with 
phenol (Fig. 1) shows that the 1250-cm.~! absorption of the latter has become a very weak 
feature in the phenoxide : its presence is interpreted as due to traces of free phenol in most 
of the specimens. In its place an intense absorption having two incompletely resolved 
peaks at 1300 and 1319 cm. appears. At least one of the centres can be taken as the 
v(C-O) mode in the ion : the second, if really independent, may be the displaced 1337-cm. 
absorption of phenol. The only other marked difference from 650 cm. to 1800 cm.? 
between phenol and phenoxide was the appearance of a broad absorption in the latter 
at 1435 cm."!, this being, it can safely be assumed (see above), a phenyl frequency. 


122 Davies and Jones: Infra-red Absorptions and 


Sodium benzoate (Fig. 1) has been studied as a standard for aromatic carboxylate-ion 
features and because of me uncertainties in published partial records (Duval, Lecomte, 
and Douvillé, Ann. Phys., 1942, 17, 5; Lenormant, Ann. Chim., 1950, 5, 459). It may 
be noted that the two phenyl frequencies near 1160 cm.“ and 1480 cm.~! did not appear 
in our absorptions: the former is strong in benzoic acid and the latter is also missing for 
the dipotassium salt of phenolphthalein. However, the symmetric and antisymmetric 
carboxylate-ion frequencies are found in the benzoate at 1411 and 1554 cm."! : these values 
may be compared with 1418 and 1580 cm.~! in sodium acetate. 

Coming now to the structures related to phenolphthalein, we can first consider the formul- 
ation of fluorescein itself. The classical formula for this is (I) but many modern organic 
texts (Karrer; Holleman; Richter; Finar; Fieser and Fieser) refer to this as un- 
satisfactory because, it is argued, such a formula does not account for the colour shown by 
fluorescein itself. Two of the frequently quoted alternatives described as more likely 
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Fic. 2. Infra-red absorption spectra of a 
solid film of: (a) fluorescein and (b) 
phenolphthalein. 
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are shown as (II) and (III), containing quinonoid elements. In relation to (I), (II) is 
certainly a tautomer, but (III) can be regarded as a mesomeric structure; (II) is almost 
immediately eliminated from serious consideration by the absence from the solid of the 
characteristic intense associated carboxyl-group absorption extending from 3500 to 2500 
cm.!: there is no reason why structure (II) should not show this strongly. For fluorescein 
the absorption gradually vanishes in this range at wave-numbers lower than 3100 cm."}, 
1.é., there is little absorption beyond the aromatic CH centres. Again, both the associated 
carboxylic and the quinonoid carbonyl] groups in (II) would absorb strongly near 1680 cm."! 
(see, e.g., Randall, Fowler, Fuson, and Dangl, ‘“ Infra-red Determination of Organic 
Structures,” Van Nostrand Co. Inc., New York, 1949): the one centre recorded (Fig. 2) 
is, as expected for the lactone structure (I), near 1730 cm."!. 

Likewise, the structure (ITI) is certainly not itself the correct representation of fluorescein, 
since the carboxylate-ion frequencies near 1560 and 1410 cm. are entirely lacking: in 
fact, it is difficult to account for the single 1729-cm."! carbonyl absorption in fluorescein 
unless it be ascribed to a structure such as (I). Structure (III) is seen to involve the 
work of charge separation as between oxygen centres, and from our observations it is 
doubtful whether it contributes appreciably, even as a mesomer, to the actual state of the 
molecule. This very reduced, if not entirely eliminated, role of structure (III) is sug- 
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gested by the close similarity throughout of the phenolphthalein and fluorescein absorptions 
—and particularly by the similarity in their carbonyl modes at 1740 and 1729 cm.*1. 

A comparison of these two spectra is instructive (Fig. 2). Apart from three or four 
absorptions which appear as doublets in phenolphthalein but are unresolved in fluorescein, 
there are perhaps only two significant differences between 950 cm.+ and 1800 cm. An 
absorption at 1209 cm."} in fluorescein is probably related to the oxygen bridge: no such 
absorption is present in phenolphthalein, nor is it present in an appreciable number of 
related compounds, but it does appear with the oxygen bridge in the disodium salt of 
fluorescein. A frequency near 1200 cm."! is, moreover, well established as characteristic 
of the ether linkage, C-O-C. A similar conclusion possibly applies to the 1313-cm.-} 
absorption of fluorescein, at least equally pronounced (1310—1319-cm. doublet?) in 
its disodium salt (Fig. 3): the much greater uncertainty in this assignment arises from 


Dipotassium salt of phenolphthalein, Disodium salt of fluorescein (uvanine). 
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Fic. 3. Infra-red absorption spectra of a 
solid film of: (a) the dipotassium salt 
of phenolphthalein, (b) the disodium 
salt of fluorescein (uranine). 
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the appearance of absorptions at 1319 cm.-! in sodium phenoxide and (weakly) at 1314 
and 1310 cm."! in phenol and sodium benzoate. The apparent displacement from 1366 
cm.-! in phenolphthalein to 1388 cm.~! in fluorescein probably corresponds to the appearance 
of different phenyl frequencies in these cases (see above). The only remaining difference 
is the non-appearance in our fluorescein records of the well-known 1510-cm."! phenyl 
absorption. 

Of the derivatives of these structures which we have examined, the disodium and 
dipotassium salts of phenolphthalein have the ion which is the source of the pink indicator 
colour and has been ascribed an interesting resonating structure (IVa and IVd)._ Compared 
with phenolphthalein there are notable changes: many of the intense absorptions of the 
parent substance—e.g., at wave-numbers 1234, 1256, 1470, and 1512—have disappeared. 
The 1256-cm.-! absorption of phenolphthalein is, of course, very probably the phenolic 
v(C—-OH) mode in that structure. The 1470- and 1512-cm. absorptions are taken to be 
phenyl modes: they also disappeared in sodium benzoate. The new absorptions in the 
bivalent ion are the broad intense band at 1367 cm."! with a shoulder at 1356 cm.“!, and the 
carboxylate-ion absorption which has probably coalesced with the 1590-cm.! phenyl 
absorption in giving a broad peak centred at 1572 cm."}. Certainly, no quinone frequency 
is observed near 1680 cm."!, nor is there any new absorption near 1300 cm.~! corresponding 
to the isolated v(C-O) mode of a phenoxide ion. The mean of these individual frequencies 
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is 1490 cm.-!; for the carboxylate-ion frequencies (say 1554, 1411 cm.“!) the mean is 
1480 cm. As there is virtually no absorption between 1370 and 1570 cm.-! for the 
dialkali salt of phenolphthalein we can only assume that in-phase and out-of-phase 
modes of both pairs of oxygen-atom vibrations (phenoxide-quinonoid and carboxylate 
ion) have merged into the frequencies of 1367 and 1572 cm.1, whose mean is 1470 cm."}. 
This conclusion assumes that there is coupling between the distantly separated phenolic- 
quinonoid oxygen atoms of the bivalent anion. Although the carbonyl groups in an 
anhydride are coupled, yet in a study of related structures Flett (/., 1948, 1441) has pointed 
out that they are not coupled in anthraquinones. That the electronic delocalisation 
in (IV) promotes this coupling is a possibility which requires further observations for 
practical confirmation. 

The appearance in the dipotassium salt of phenolphthalein of an absorption of reduced 
intensity at 1740 cm.~! was taken to indicate the presence of a trace of phenolphthalein in 
our salts. 

The disodium salt of fluorescein should likewise have two resonating oxygen systems 
and, for this derivative, the carbonyl frequency of the parent, at 1729 cm.~1, disappeared 
entirely. The new absorptions are somewhat different in detail from those of the phenol- 
phthalein salt (Fig. 3). It would seem that the carboxylate-ion frequencies may be placed 
as normally, near 1400 and 1580 cm.~!, the other (phenoxode-quinonoid) pair at 1339 and 
1623 cm.1. Unless one puts it at the unusually low value of 1623 cm.-!, there is again no 
sign of a quinonoid absorption as such, but it is significant that in this case the second pair 
of frequencies above, 7.e., 1339—1623 cm.!, are more widely separated (and nearer the 
isolated group values) than in the phenolphthalein salt. In each case the frequencies 
are split about the expected value of approximately 1480 cm."}. 

Two further derivatives of phenolphthalein have been examined, viz., the white and the 
red monopotassium hydrated compounds described, amongst others, by Dehn (J. Amer. 
Chem. Soc., 1932, 54, 2949). Their compositions are given by him as: white salt, 
P,KOH,2H,0O; red salt, P,KOH,H,O (P = phenolphthalein molecule). These are de- 
scribed as additive compounds of phenolphthalein and the base, although Dehn also implies 
that in the red monohydrate the phenolphthalein is in a quinonoid form. Our preparations 
showed every appearance of being identical with Dehn’s. The white potassium compound 
showed some few differences from the parent : absorptions at 1256 and 1366 cm." in the 
latter were replaced by peaks at 1215 and 1269 cm."! and at 1355 and 1383 cm.!; and the 
1512-cm.~! absorption in phenolphthalein disappeared—cf. sodium phenoxide and benzoate. 
The intensely red complex gave an absorption spectrum almost identical—even to relative 
intensities—with that of phenolphthalein. Thus it is concluded that both are essentially 
additive compounds and that the colour of the red complex, if characteristic of the material 
as a whole, requires some other explanation than a reference to possible quinonoid forms. 
In this case, as for fluorescein itself, it must be remembered that the colour of the solid 
might be due to traces of, é.g., an ionic form, representing too small a proportion of the 
molecules to be detected in the infra-red. If this condition applied, the colours might 
well vary in intensity with treatment, such as the solvent from which the solid crystallised. 


EXPERIMENTAL 


The spectrometer was the Grubb—Parsons single-beam S.3 instrument. At least duplicate 
specimens of the solid films were examined. These were prepared from solutions on thin 
NaCl and AgCl plates. In all cases when hydrolysis of the solid might occur some few units % 
excess of alkali were included in the preparation, and deposition and evaporation took place 
on a small controlled hot-plate in a vacuum desiccator. Some of the details of the spectra are 
summarised below: absorption centres, in cm.-!; w. = weak; sh. shoulder. 

Phenol. Further details, for solutions see Davies (loc. cit.), for solid see Kletz and Price 
(loc. cit.). 

Sodium phenoxide. 988, 1016(w), 1068, 1087(w), 1156, 1165, 1249, 1300, 1319, 1435, 1480, 
1587. 

Sodium benzoate. 1007(w), 1030, 1069, 1098(w), 1185(v.w), 1275(v.w), 1310, 1325, 1411, 
1554, 1594. 
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Phenolphthalein. 1014(w), 1042, 1090, 1107, 1125, 1164(sh), 1173, 1234, 1256, 1291, 1366, 
1444, 1469, 1512, 1595, 1606, 1740. 

Fluorescein. 993, 1011(w), 1042(v.w), 1086, 1115, 1177, 1209, 1239(sh), 1251, 1285, 1313, 
1388, 1459, 1599, 1729. 

Dipotassium salt of phenolphthalein. 1089(w), 1115(sh), 1123, 1154, 1190, 1253, 1286, 1356(sh), 
1367, 1572. 

Disodium salt of fluorescein (uranine). 1092, 1112, 1172, 1214, 1310, 1339, 1398, 1469, 1505, 
1580, 1623. 

P,KOH,H,O, red. 1016, 1050, 1092, 1108, 1124, 1170, 1253, 1290, 1378, 1450, 1468, 1513, 
1594, 1604, 1746. 

P,KOH,2H,O, white. 998(w), 1054, 1105, 1127, 1163, 1215, 1235(sh. ?), 1269, 1292, 1355, 
1383, 1449, 1466, 1581, 1594, 1730. 
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Studies in the Steroid Group. Part LXIII.* Synthesis of Cortisone 
Acetate via 5«-Hydroxy-steroids. 


By Peter Biapon, H. B. Hensest, E. R. H. Jones, (Miss) B. J. Lovett, 
and GILBERT F. Woops. 


[Reprint Order No. 4643.] 


A route from ergosterol to cortisone, proceeding via a new series of 5a- 
hydroxy-steroid intermediates, has been completed. 


THE intention of this work has been to explore the possibilities of synthesising cortical 
hormones via 38 : 5a-dihydroxy-steroids. Such diols virtually constitute a protected 
A‘-3-ketone system since the unsaturated ketone can be formed at a late stage in the 
synthesis by oxidation to a 5a-hydroxy-3-ketone followed by dehydration. 

Earlier communications have recorded the preparation of 5a-hydroxy-compounds from 
the 5« : 8«-epidioxides of ergosterol (Part LX, Clayton, Henbest, and Jones, J., 1953, 
2015) and 9: 11-dehydroergosterol (Part LVI, Bladon, Clayton, Greenhalgh, Henbest, 
Jones, Lovell, Silverstone, Wood, and Woods, /., 1952, 4883). Further progress was 
reported in Part LVII (Bladon, Henbest, Jones, Wood, and Woods, J., 1952, 4890), in 
which the side-chain degradation of a compound containing a 5a : 8«-epidioxy-A%?!D- 
grouping was described, leading eventually to a 5«-hydroxy-A’ : 9-20-ketone. Methods for 
conversion of 5a-hydroxy-A7:*-steroids into 5«-hydroxy-11-ketones (via 9« : 1l«-epoxides, 
isomerisation to 1l-oxo-98-A?-compounds, hydrogenation to 11-oxo-96-steroids, and 
epimerisation at Ci) have been detailed in Parts LXI and LXII (/., 1953, 2916, 2921, in 
collaboration with Dr. B. A. Hems and his colleagues of Glaxo Laboratories Ltd.) and 
were employed to effect a new synthesis of 11-oxoprogesterone. 

In order to extend these approaches to the synthesis of cortisone and related hormones, 
a sufficient quantity of the key intermediate, the 11: 20-diketone (III; R =H) was 
required. The diketone was first prepared as described in Part LXII (11 stages from 
ergosterol), but an alternative method (10 stages from ergosterol, improved overall yield) 
became available with the description of the lithium-ammonia reduction of 11-oxo-A%®)- 
steroids to “natural” 11-ketones (Schoenewaldt, Turnbull, Chamberlin, Reinhold, 
Erickson, Ruyle, Chemerda, and Tishler, J. Amer. Chem. Soc., 1952, 74, 2696 ; Sondheimer, 
Yashin, Mancera, Rosenkranz, and Djerassi, ibid., p. 2696; 1953, 75, 1282). Accordingly, 


* Part LXII, /., 1953, 2921. 
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this method of reduction was studied with the 3: 5-diacetate (1; R = Ac, Part LXII), 
the reaction yielding the required nuclear saturated ketone (II; R = Ac) as the major 
product (after mild reacetylation). Smaller amounts of the corresponding 5a-hydroxy- 
(II; R = H) and 5«-hydrogen compound (II; OR replaced by H) were also formed in the 
reaction. 

From (II; R = Ac) the way was now clear for shortening the side-chain. This was 
achieved by the methods described in detail in Parts LVII and LXI, ozonolysis giving 
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a Cy, aldehyde (-+- some acid), which on (potassium acetate-catalysed) enol acetylation 
and further ozonolysis yielded the 20-ketone (III; R= Ac). For the continuation of 
the synthesis it was advantageous to treat the reaction product from the second ozonolysis 
with alkali to hydrolyse both acetate groups, and then to reacetylate with acetic anhydride— 
pyridine at 20° to give the 5-hydroxy-compound (III; R= H). This procedure gave a 
better yield of 20-ketone than that involving isolation of the 3: 5-diacetate, but more 
important, it was a convenient point at which to hydrolyse the 5-acetate. It was necessary 
to effect this replacement * at some stage in the synthesis, for, whereas 38 : 5a-diols are 
oxidised readily to 5a-hydroxy-3-ketones, the corresponding 5«-monoacetates (prepared 
in good yield by partial hydrolysis of 38 : 5a-diacetates, Part LVI) are relatively resistant 
to oxidation (Fudge and Shoppee, personal communication, and unpublished observations 
in these laboratories), probably owing to some interaction between the carbonyl group of 
the 5a-acetate and the 3a-hydrogen atom to be removed cn oxidation. 

Procedures for the introduction of hydroxyl groups at Cz and at Cy, were now 
required. The widely used method of Koechlin, Garmaise, Kritchevsky, and Gallagher 
(tbid., 1949, 71, 3262) for inserting a 17«-hydroxy]l group, involving enol acetylation of a 
20-ketone to a 20-acetoxy-A!"@%-steroid followed by successive treatment with per-acid 
and with alkali, was considered first. Unfortunately, the conditions necessary to effect 
the (acid-catalysed) enol acetylation stage proved to be too drastic for the 5-hydroxy- 
compounds which, by experiments on simpler compounds (see Experimental section), 
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were shown to be readily dehydrated to A®-steroids. This approach was therefore 
abandoned.t+ 

The method devised by Sarett (zbid., 1948, 70, 1454) for elaborating the cortical side- 
chain appeared to be more suited to our series of compounds (some preliminary experiments 


* An alternative approach appears to be to replace the 5-acetate in (II; R = Ac) by hydroxyl, 
ozonise, convert the aldehyde obtained into an “‘ enamine ’”’ (Heyl and Herr, zbid., 1952, 74, 3627), and 
ozonise again 

t In theory it would be possible to proceed with the synthesis via a A5-compound [e.g., that derived 
from (III; R H)|, but the unsaturated compounds would require protection at later stages. Besides 
the chemical advantages of retaining the 5-hydroxyl] group, the synthesis led eventually to the 5-hydroxy- 
3-ketone (VII) which, in view of its close relation to cortisone, was required for clinical testing. 
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in the 5a-hydrogen series are discussed below). Addition of hydrogen cyanide to (IIT; 
R =H) (by a modified procedure) afforded one stereoisomer predominantly. This, 
on treatment with phosphorus oxychloride in pyridine at 20°, was dehydrated selectively 
to yield the conjugated unsaturated nitrile ([V)—experiments with simpler compounds 
had already established that 5a-hydroxy-steroids were recovered substantially unchanged 
when treated with this dehydrating reagent. Hydroxylation of the A!”@%-bond of (IV) 
led to the 38 : 5« : 17«-trihydroxy-compound, conveniently isolated as the 3-acetate (V), 
the 3-hydroxy-compound being relatively insoluble in organic solvents. 
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Hydrolysis of the 3-acetoxy-group of (V) was carried out with alkali in conditions mild 
enough to avoid structural alterations in the 17-hydroxy-20-ketone system. The resulting 
triol-diketone was sufficiently soluble in chloroform to permit bromination, the crude 
21-bromo-compound then being treated with potassium acetate in acetone to afford (VI). 
Oxidation of this with chromic-sulphuric acid in acetone (cf. Bladon, Fabian, Henbest, 
Koch, and Wood, J., 1951, 2402) gave the penultimate compound (VII) of the synthesis. 
Dehydration of this 5-hydroxy-compound to cortisone acetate (VIII) was best achieved 
with hot acetic acid (cf. Lardon, Helv. Chim. Acta, 1949, 32, 1517)—some deacetylation 
at Ci,;) appeared to take place during this treatment and a better yield of (VIII) was 
obtained after reacetylation with acetic anhydride. Treatment of (VII) with dilute alkali 
(Julia, Plattner, and Heusser, 7bid., 1952, 35, 665) also gave cortisone, isolated as its acetate 
after reacetylation, but the hormone was more difficult to isolate from the reaction product 
probably owing to side-reactions in the somewhat alkali-sensitive cortical side-chain. 

The cyanohydrin route to 17-hydroxy-steroids developed by Sarett (loc. cit.) with 
A—B-cis-compouids has been extended to compounds in the 5«-hydrogen series. Thus, the 
11 : 20-diketone (LX) gave a cyanohydrin (mainly one isomer formed) which afforded a 
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good yield of unsaturated nitrile on dehydration. Hydroxylation led to (X) identical in 
properties with that prepared (by the enol-acetylation route) by Pataki, Rosenkranz, and 
Djerassi (J. Amer. Chem. Soc., 1952, 74, 5615). 


EXPERIMENTAL 


General directions are as given in Part LVI (/., 1952, 4883), 

38 : 5a-Diacetoxyergost-22-en-ll-one (II; R = Ac).—Lithium (345 mg., 5 atoms), cut into 
small pieces, was added to a mixture of dry ether (200 c.c.) and liquid ammonia (500 c.c.) in a 
flask fitted with a soda-lime guard-tube. After 10 min., a solution of 38 : 5u-diacetoxyergosta- 
8 : 22-dien-1l-one (5 g.) in dry ether (80 c.c.) at 0° was poured quickly into the flask which 
was swirled gently. Ammonium chloride was added immediately to discharge the blue colour 
of the mixture. The ammonia was removed by evaporation and the steroid isolated with ether. 
The products from 6 such experiments were combined and acetylated with acetic anhydride— 
pyridine at 20° overnight. Isolation with ether afforded a yellow gum, which in light petroleum- 


128 Bladon, Henbest, Jones, Lovell, and Woods : 


benzene (10: 3) was introduced on to acetic acid-deactivated alumina (800 g.). Elution with 
light petroleum—benzene (9:1) (3 1.) gave material, which after crystallisation from methanol 
and from hexane gave 3$-acetoxyergost-22-en-ll-one (1-66 g.) as laths, m. p. 127—128-5°, 
x]p +14° (c, 1-85) (the m. p. and infra-red spectrum were identical with those of an authentic 
sample). Elution with light petroleum—benzene (4:1) (1:5 1.) yielded a gum. Development 
with light petroleum—benzene (2: 3) gave, after crystallisation from methanol, 38 : 5«-diacetoxy- 
evgost-22-en-11-one (Il; R = Ac) (10-9 g.), m. p. 1834—137°; the pure product had m. p. 139— 
140°, [x], +37-5° (c, 1-27) (Found: C, 74-85; H, 9-55. C,,H;,0; requires C, 74:65; H, 9-8%). 
Infra-red spectrum (in Nujol): main peaks at 1740, 1245 (acetate), 1700 (11-ketone), and 
1 (A®), Elution with benzene-—ether (3:1) (2 1.) yielded 38-acetoxy-5u-hydroxyergost- 
-en-ll-one (Il; R =H) (3-5 g.), which crystallised from methanol in leaflets, m. p. 216— 
, [%] +2° (c, 0-85) (Found: C, 76-5; H. 10-45. C,,H,,O, requires C, 76:2; H, 10-25%). 
ight absorption: Max. 2860 A; ¢= 41. Infra-red spectrum (in CCl,); peaks at 3500 
(hydroxyl), 1722, 1240 (acetate), and 1698 cm.-4 (11-ketone). 

38 : 5a-Diacetoxy-11-oxobisnorcholan-22-al.—38 : 5a-Diacetoxyergost-22-en-ll-one (3:8 g.) 

in ethyl acetate (380 c.c.) at —70° was treated with a solution of ozone in ethyl acetate at 

70° until a faint blue colour persisted. Nitrogen was bubbled for 10 min. through the solution, 
which was then warmed to 20° and shaken with aqueous ferrous sulphate until the organic layer 
gave no colour with starch—iodide paper. After being washed twice with 2% potassium hydroxide 
solution (see below), the organic solvent was removed under reduced pressure. Crystallisation 
of the product from acetone-isopropyl ether gave the aldehyde (2-3 g.) as blades, m. p. 150— 
152° (some decomp.), [%]p +42-5° (c, 1:18) (Found: C, 69-0; H, 8-8; C,,H,;,0,,CH,°CO*CH, 
requires C, 69-0; H, 8-8%). Infra-red spectrum (in CCl,): peaks at 2680 (aldehyde C-H 
stretching), 1730 and 1703 (carbonyl groups), and 1240 cm.-! (acetate). 

Methyl 38 : 5«-Diacetoxy-11-oxobisnorcholanate.—The alkaline washings from the previous 
experiment gave a negligible precipitate on acidification, but from a previous experiment, in 
which excess of ozone was not removed by passage of nitrogen, starting material (2 g.) gave an 
acid fraction (150 mg.). Methylation with diazomethane and acetylation afforded the methyl 
ester (prisms from aqueous methanol), m. p. 188—192°, [a], +51-5° (c, 0-88) (Found: C, 67-95; 
H, 8-6. C,,H4 0, requires C, 68-05; H, 8-45%). 

38 : 5a : 22-Triacetoxybisnorchol-20(22)-en-11-one.—The aldehyde (1-46 g.), fused potassium 
acetate (165 mg.), and redistilled acetic anhydride (3 c.c.) were heated together at 125° for 6 hr. 
The mixture was cooled, dissolved in pyridine (6 c.c.), poured on ice, and worked into ether. 
Crystallisation from acetone—isopropyl ether gave a product (1-2 g.), m. p. 168—172°. Crystal- 
lisation from methanol then gave the pure enol-acetate as platelets, m. p. 181—182°, [a], +51-5° 
(c, 1-07) (Found: C, 68-65; H, 8-25. C,,H,,O, requires C, 68-85; H, 8-25%). Infra-red 
spectrum (in Nujol): 1742, 1225 (enol acetate), 1727, 1250 (acetate), 1698 (11-ketone), and 
1665 cm.-? (A20@2)) 

38-A cetoxy-5a-hydroxyallopregnane-11 : 20-dione (III; R = H).—A solution of the above 
enol acetate (1-64 g.) in ethyl acetate (160 c.c.) was cooled to —70° and treated with a solution 
of ozone in ethyl acetate at —70° until a permanent blue colour was obtained. Nitrogen was 
bubbled through the solution to remove excess of ozone, and the ozonide was decomposed 
as described above for the aldehyde preparation. The gummy product was treated with a 
i0°% solution of potassium hydroxide in ethanol containing 5% of water under reflux for 15 hr. 
in nitrogen. About half of the solvent was removed under reduced pressure; water was added 
and the steroid (0-88 g.) extracted with ethyl acetate. Crystallisation of this material from 
methanol * gave solid (410 mg.), 100 mg. of which was crystallised from methanol and then 
from acetone to afford 38 : 5a-dihydroxvallopregnane-11 : 20-dione as prismatic needles, m. p. 
243—247°, [a], + 108° (c, 0-75 in CHCl, containing 5% of EtOH) (Found: C, 72-35; H, 9-25. 
C,,H,.0, requires C, 72-4; H,9-25%). Infra-red spectrum (in Nujol) : peaks at 3450 (hydroxyl) 
and 1690 cm. (1l- and 20-ketones). The remainder of the diketone (360 mg.) (including 
that from the mother-liquors of the above crystallisations) was acetylated with acetic anhydride 
and pyridine. The product, isolated with ether, was crystallised from methanol, to give 
38-acetoxy-5a-hydroxyallopregnane-11 : 20-dione (330 mg.), m. p. 254—260°, [a], -+ 80°. 
The filtrate marked * above was evaporated to dryness and the residue heated under reflux 
in nitrogen for 2 hr. with a 5% solution of potassium hydroxide in methanol containing 5% of 
water. This product was reacetylated and then crystallised from the mother-liquors of the 
previous crystallisation of the 3-monoacetate, to give a product (157 mg.) with m. p. 253— 
256°, [x], +-75°. Recrystallisation of the combined material from acetone—methanol yielded 
pure 38-acetoxy-5a-hydroxyallopregnane-11 : 20-dione as platelets, m. p. 261—263°, [], 
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+79° (c, 0-75) (Found: C, 70-45; H, 8-95. Calc. for C,,H,,0,: C, 70:75; H, 8-8%). Infra- 
red spectrum (in Nujol): peaks at 3450 (hydroxyl), 1728, 1250 (acetate), and 1695 cm.+ 
(11- and 20-ketones). This compound is identical with that prepared by the alternative route 
(Part LXIT, loc. cit.). 

38 : 5a-Diacetoxyallopregnane-11 : 20-dione (IIL; R = Ac).—The above enol acetate (0-64 g.) 
in ethyl acetate (60 c.c.) was cooled to —70° and treated with a solution of ozone in ethyl 
acetate at —70° until a permanent blue colour was produced. Nitrogen was bubbled through 
the solution for 10 min. The product was isolated as described above for the aldehyde; it 
was chromatographed on deactivated alumina (70 g.), elution with benzene-ether (19: 1) 
yielding material (410 mg.) of m. p. 144—149°. Recrystallisation from isopropyl ether afforded 
the 11: 20-diketone as prisms, m. p. 150-5—152°, [a], +107° (Found: C, 69-5; H, 8-45. 
C,;H,,0, requires C, 69-4; H, 8-4%). Infra-red spectrum (in Nujol): peaks at 1725, 1697, 
and 1250 cm.-1. 

38-A cetoxy-5a : 17a-dihydroxyallopregnane-11: 20-dione (V).—A mixture of 38-acetoxy- 
5a-hydroxyallopregnane-11 : 20-dione (96 mg.) in pyridine (1 c.c.), liquid hydrogen cyanide 
(5 c.c.), and 1-ethylpiperidine (4 drops) was kept at 20° overnight. Dilute hydrochloric acid 
was added and the product (112 mg.) isolated with ether. This material (dried im vacuo) 
in pyridine (1 c.c.) was treated with redistilled phosphorus oxychloride (0-12 c.c.) and kept 
overnight at 20°. Isolation with chloroform gave material (103 mg.) which showed Amax. 
2210 A (e 13,500). This was dissolved in pyridine (2 c.c.), treated with osmium tetroxide 
(103 mg.), and kept overnight at 20°; some brown needles had then separated. Mannitol (1 g.) 
and potassium hydroxide (200 mg.) in water (2 c.c.) and methanol (2 c.c.) were added and the 
mixture was warmed at 40° for 10 min. After addition of dilute hydrochloric acid, the mixture 
was extracted eight times with chloroform, to give material (122 mg.), which was acetylated 
with acetic anhydride—-pyridine overnight at 20° and then isolated with ether. Crystallisation 
of the product from methanol-isopropyl ether gave 38-acetoxy-5a : 17a-dihydroxyallopregnane- 
11 : 20-dione (58 mg.), m. p. 254—260° (decomp.), [a], -+-18° (c, 0-43) (Found: C, 68-1; H, 
8-6. Cy,H 3,0, requires C, 67-95; H, 845%). On a larger scale, 1-28 g. of starting material 
afforded 1-04 g. of 17-hydroxy-compound (m. p. 255—258°)—in this experiment (repeated) 
extraction of the product from the (acidified) mixture obtained by hydrolysis of the osmium 
complex was performed with ethyl acetate, and this material (1-15 g.) (after mild acetylation) 
was twice passed in ethyl acetate solution through deactivated alumina (20-g. portions) to 
remove traces of dark osmium impurities. 

21-Acetoxy-ba : 17a-dihydroxyallopregnane-3 : 11: 20-trione (VII).—The foregoing acetate 
(60 mg.) in dry methanol (5c.c.) was mixed with a solution of sodium methoxide (70 mg.) in dry 
methanol, the mixture then being kept at 20° for 2hr. Acetic acid was added and the steroid 
isolated with chloroform. It was treated in chloroform (40 c.c.) with bromine in chloroform 
(0-6 c.c. of 0-62N) and a trace of hydrogen bromide. The solution, illuminated with a 100-watt 
lamp, became colourless after 24.hr. Evaporation under reduced pressure gave a solid which with 
dry potassium acetate (200 mg.) was heated under reflux in dry acetone solution (12c.c.). The 
product (isolated with chloroform) was dissolved in acetone at 40°, and treated with a solution 
(0-15 c.c.) [prepared from chromic acid (6-7 g.) and sulphuric acid (5-3 c.c.), and made up to 
25 c.c. with water] for 14. min. The product was isolated with chloroform and crystallised from 
acetone and from ethyl acetate, to give the 3: 11 : 20-triketone (22 mg.) as plates, m. p. 257—259° 
(decomp.), [«], +110° [c, 0:39 in EtOH-CHCI, (1: 9)] (Found: C, 65-8; H, 7:65. C,,;H;.0, 
requires C, 65-7; H, 7:65%). Infra-red spectrum (in Nujol): main peaks at 3460, 3320 
(OH), 1740, 1242 (acetate), 1730 and 1700 cm.-! (keto-groups). From a larger-scale experiment, 
180 mg. of triketone were obtained from 1 g. of starting material—in this experiment, the extrac- 
tions were made with ethyl acetate in place of chloroform. 

Cortisone Acetate (VIII) from (VII).—A solution of the 5«-hydroxy-compound (40 mg.) in 
acetic acid (5 c.c.) was heated under reflux (oil-bath) for 2 hr. The solvent was removed under 
reduced pressure and the residue treated with pyridine (2 c.c.) and acetic anhydride (1 c.c.) at 
20° overnight. Four crystallisations of the product from ethanol gave pure cortisone acetate 
(18 mg.) as laths, m. p. and mixed m. p. 232—240°, [x], +218° (c, 0-44). The infra-red spectrum 
(in Nujol) was identical with that of an authentic sample: peaks at 3440, 1742, 1726, 1700, 1650, 
and 1610 cm.-!. Dehydration of (VII) with 1% potassium hydroxide in methanol—water (40: 1 
v/v) under nitrogen at 20° for 100 min. gave (after evaporation, extraction of the dried residue 
with tetrahydrofuran, and reacetylation) somewhat less pure cortisone acetate, m. p. 225—233°, 

tlp +205°. } 

Dehydration of 38-Acetoxy-5a-hydroxyergostan-1l-one.—The steroid (86 mg.) in carbon 

r 
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tetrachloride (2 c.c.) was treated with 60% perchloric acid (0-2 c.c.) in acetic anhydride (1 c.c.). 
After 1} hr., the steroid was isolated (from the now dark solution) with ether. The product 
(91 mg.) was chromatographed on alumina (10 g.), benzene eluting a solid (63 mg.), which after 
2 crystallisations from methanol gave 38-acetoxyergost-5-en-1l-one as needles, m. p. 121—123°, 
[a] —15-5° (c, 0-54) (Found: C, 78-75; H, 10-3. C39H,,0, requires C, 78-9; H, 10-6%). 
Infra-red spectrum (supercooled melt): peaks at 1735, 1280, 1240 (acetate), 1690 (11-ketone), 
and 1663 cm.- (A‘). When 38-acetoxycholestan-5a-ol was subjected to these acidic conditions, 
a good yield of cholesteryl acetate was obtained. 

38-A cetoxy-20E-cyano-20&-hydroxyallopregnan-11-one.—A mixture of 38-acetoxyallopregnane- 
11 : 20-dione (740 mg.) in dioxan (6 c.c.), liquid hydrogen cyanide (17 c.c.), and sodium cyanide 
(50 mg.) was kept at 20° overnight. Acetic acid was added, most of the hydrogen cyanide was 
removed by warming, and the steroid was isolated with ether. Recrystallisation from dioxan— 
isopropyl ether (containing a little acetic acid) gave the cyanohydrin (460 mg.) as needles, m. p. 
185—187°, [a], + 44° (c, 1-12) (Found: C, 71-45; H, 8-8; N, 3-7. C,.,H3;;0,N requires C, 71-8; 
H, 8-8; N, 3-5%). 

38-A cetoxy-20-cyanoallopregn-17-en-1l-one.—A mixture of the cyanohydrin (850 mg.), 
pyridine (3-5 c.c.), and phosphorus oxychloride (0-55 c.c.) was kept overnight at 20°. The 
steroid was isolated with ether; crystallisation from methanol afforded the unsaturated nitrile 
(550 mg.) as needles (changing to hexagonal plates at 200—240°), m. p. 263—268°, [a], —6-5° 
(c, 0-9) (Found: C, 75-1; H, 8-4; N, 3-65. C,,H,,0,N requires C, 75-15; H, 8-7; N, 3-65%). 
Ultra-violet absorption (in ethanol}: Maximum, 2210 A (e 12,300). Infra-red spectrum (in 
Nujol) : peaks at 2220 (nitrile), 1720, 1250 (acetate), 1700 (11-ketone), and 1640 cm.~ (A170), 

38-A cetoxy-17a-hydroxyallopregnane-11: 20-dione (X).—The foregoing nitrile (191 mg.) 
in benzene (5-5 c.c.) was treated with osmium tetroxide (200 mg.) and pyridine (0-1 c.c.), the 
mixture being kept at 20° overnight. It was then shaken for 4 hr. with mannitol (2 g.) and 
potassium hydroxide (400 mg.) in water (20 c.c.), the brown colour being largely transferred 
from the organic to the aqueous phase, and some solid separating. The aqueous solution was 
twice extracted with chloroform, the organic extracts were evaporated, and the residue was 
dissolved in hot methanol (2 c.c.) and treated with potassium hydroxide (100 mg.) in methanol 
(0-5 c.c.) for 2 min.; some solid separated. Water was added, to give 38 : 17«-dihydroxyallo- 
pregnane-11 ; 20-dione (156 mg., 90%), m. p. 284—287°. This, with acetic anhydride and 
pyridine overnight at 20°, afforded the 3-acetate, m. p. 173—174° (melting and resolidifying 
at 160°), [a], +16° (c, 0-44) (Found: C, 70-8; H, 8-75. Calc. for C,,;H,,O,: C, 70°75; H, 
8-8%). Infra-red spectrum (in Nujol): peaks at 3465 (hydroxyl), 1725 (acetate and 20-ketone), 
1701 (11-ketone), and 1275 and 1250 cm.-! (acetate). Pataki et al. (loc. cit.) report m. p. 171— 
173°, [a]p +8°. 


The authors are much indebted to Glaxo Laboratories Ltd. for gifts of materials and for 
financial assistance (to B. J. L. and G. F. W.). One of the authors (P. B.) is the holder of an 
I.C.I. Fellowship. Microanalyses were performed by Mr. E. S. Morton and Mr. H. Swift, and 
infra-red spectra were determined under the direction of Dr. G. D. Meakins. 
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The Relation between Configuration and Conjugation in Diphenyl 
Derivatives. Part III.* The Ulira-violet Absorption Spectra of 
Some 2: 2'-Bridged Compounds with meta-Substituents. 


By G. H. Breaven, D. Murer HAtLt, Mary S. Lessig, E. E. Turner, and 
(in part) GWENDOLINE R. Birp. 


[Reprint Order No. 4472.] 


The ultra-violet absorption spectra of the 2: 2’-bridged diphenyls (I, 
II, III; R =H, R’ = OMe) indicate that the mm’-methoxyl groups reduce 
the conjugation across the 1: 1’-bond by mesomeric interaction with the 
separate benzene rings to which they are attached. This finding supports the 
view, put forward in Part I (J., 1952, 854), that in non-coplanar diphenyls of 
this type there is still appreciable conjugation which is reduced by the intro- 
duction of either 00’- or mm’-methoxyl groups; even in the o0’-case (because 
of the non-coplanar configuration of the diphenyl skeleton) the effect of these 
substituents is not primarily steric. 

The spectrum of 2: 2’-ditolyl has been redetermined and some new fine- 
structure observed. The spectrum indicates that this compound, in which 
there is some steric hindrance to free rotation, is still weakly conjugated; as 
in the other compounds examined, the conjugation is further diminished by 
the introduction of mm’-methoxyl groups. 


In Part I (J., 1952, 854) the configurations of molecules of the types (I), (II), and (III) were 
discussed. The changes in the ultra-violet absorption spectra of the rigidly bridged and 
non-coplanar compounds (R = R’ = H) resulting from the introduction of methoxyl 
groups into the ortho-positions (R = OMe, R’ = H) were considered, in the cases of com- 
pounds (II) and (III), to be due primarily to mesomeric interaction between the methoxyl 
groups and the separate benzene rings to which they are attached, with consequent reduc- 
tion in the conjugation between the two rings. Only for the most nearly coplanar com- 
pound (I) (R = OMe, R’ = H) are steric effects also likely to be appreciable. If this 
hypothesis is correct, and if the o-methoxyl groups in compounds (II) and (III) have, as 
we believe, no determinative steric effect, the introduction of methoxyl groups into the 
mm'-positions instead of the 00’-positions might be expected to have somewhat similar 
effects on the spectra of compounds (II) and (III). 


RR RR R’R RR’ 
i ial line ee me * 
Nee \_74 —< i": ar 

H,C——CH, 

(1) 


For the synthesis of compounds (I), (II), and (III) (R = H, R’ = OMe) it was necessary 
to obtain a considerable quantity of 5: 5’-dimethoxydiphenic acid. This substance was 
made by Adams and Kornblum (J. Amer. Chem. Soc., 1941, 63, 188) by deaminating 4 : 4’- 
diamino-5 : 5’-dimethoxy-2 : 2’-ditolyl and oxidising the ditolyl, but the overall yield was 
not very good. The Vorlander diphenic acid synthesis from 2-amino-4-methoxybenzoic 
acid had been shown by Fieser (J. Amer. Chem. Soc., 1929, 51, 2471) to be unsatisfactory 
as a large-scale preparative method, and-we found that attempted repetition of Ullmann 
and Dootson’s reduction (Ber., 1918, 51, 9) of 4-methoxy-2-nitrobenzoic acid was accom- 
panied by extensive decarboxylation. Moreover, the preparation of its precursor, 3-nitro- 
p-cresol,} by the diazo-method from 3-nitro-j-toluidine,t described by Ullmann and 
Dootson (/oc. cit.) and by Nevile and Winther (Ber., 1882, 15, 2976), proved very unsatis- 
factory. 


* Part II, J., 1953, 2456. 
+ OH or NH, is numbered 1 (cf. J., 1952, 5088, 5090, 5091) in these and similar compounds. 
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We finally based our synthesis on 3-methoxy-o-toluidine hydrochloride, which could be 
made in large quantities by the sequence: -cresol —» /-tolyl carbonate —» di(nitro- 
p-tolyl) carbonate — 3-nitro-p-cresol —» 4-methoxy-2-nitrotoluene —» 3-methoxy-o- 
toluidine hydrochloride. Replacement of the amino-group by iodine by the diazo-method 
gave 2-iodo-4-methoxytoluene as a liquid, though Willgerodt and Schloss (Ber., 1911, 44, 
1708), who obtained it as one of the two products of iodinating methyl #-tolyl ether with 
iodine monochloride, described it as melting at 75°. In our hands this iodination leads to 
not less than 80°% of 3-iodo-4-methoxytoluene, m. p. 30—31°, the rest being the liquid 
2-iodo-compound. An Ullmann (copper bronze) reaction converted the 2-iodo-compound 
into 5: 5'-dimethoxy-2 : 2’-ditolyl, from which 5 : 5’-dimethoxydiphenic acid was obtained 
by oxidation. 

Reduction of the methyl ester of the diphenic acid gave 2 : 2’-bishydroxymethy]1-5 : 5’- 
dimethoxydiphenyl, which passed readily into 2: 7-dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6- 
dibenzoxepin in presence of 50% sulphuric acid and into 2: 2’-bisbromomethy]I-5 : 5’- 
dimethoxydiphenyl on treatment with phosphorus tribromide. This dibromo-compound 
was converted into 9: 10-dihydro-3 : 6-dimethoxyphenanthrene by use of phenyl-lithium 
and into 2: 7-dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6-dibenzazepinium-1-spiro-1’’’-piperidin- 
ium bromide by the action of piperidine. It was incidentally observed that alcoholic 
solutions of 9 : 10-dihydro-3 : 6-dimethoxyphenanthrene underwent oxidation in sunlight 
and deposited crystals of 3 : 6-dimethoxyphenanthraquinone. 

The absorption spectrum of the mm’-dimethoxyoxepin (Fig. 1) is similar to that of the 
o0’-dimethoxyoxepin, showing some reduction in intensity of the conjugation band (Amax. 
2550 A, c 11,000) compared with the parent, unsubstituted, oxepin (Amax. 2500 A, ¢ 16,500), 
and the appearance of long-wave absorption. The reduction in intensity is, however, less 
than that observed in the ortho-compound (Amax, 2530 A, ¢ 8650) and the long-wave band is of 
lower intensity (Amax, 2860 A, « 5600, compared with Amax. 2935 A, « 9950). The very 
intense short-wave absorption has here been observed as a band with Amax, 2220 A (e 51,000) 
well separated from the conjugation band, which, however, it obviously overlaps. 


Ultra-violet absorption spectra. 
(Wave-lengths in parentheses denote unresolved inflections.) 


Conjugation Benzenoid 
band band 


Compound max. Emax. Amin. Amax. Emax. Emin. Amax. Emax. 
ca. 2150 ca. 40,000 2470 2690 12,000 281: 2800 3217 8200 
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’ == CH,°OH) 
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The absorption spectrum of the azepinium bromide (Fig. 1) is likewise very similar 
to that of the oo’-compound. The conjugation band (Amax, 2570 A, © 10,500) is of 
similar intensity, but is displaced to longer wave-length compared with the unsubstituted 
compound, whereas the ortho-compound shows a short-wave shift. Moreover, in the 
meta-compound the long-wave band is considerably less intense than in the ortho-compound 
(Amax. 2845 A, ¢ 4200, compared with Am.x. 2975 Ave 10,500). Here again an intense short- 
wave band (Amax. 2260 A,« 54,500) has been observed. 

Thus in both the oxepin and the azepinium bromide the mm’-methoxyl groups cause 
some reduction in conjugation across the 1 : 1’-bond and correspondingly the appearance 
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of long-wave selective absorption arising from the unconjugated benzenoid partial chromo- 
phores, although in these compounds the methoxyl groups cannot have any steric effect on 
the configuration of the dipheny] skeleton. 


Weve-length (A) Wave-length (A) 
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2: 7-Dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6-dibenzoxepin (II; R = H, R’ = OMe). 
: 7-Dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6-dibenazapinium-|-spiro-1’’’-piperidinium 
bromide (III; R = H, R’ = OMe). 
9 : 10-Dihydro-3 ; 6-dimethoxyphenanthrenc (I; R = H, R’ = OMe). 
2 : 7-Dihydro-3’ : 2’’-bishydroxymethyl-3 : 4-5 : 6-dibenzoxepin (II; R = H, 
R’ = CH,°OH). 
2: 2’-Ditolyi (IV; R =H). 
Fie. 4. 5: 5’-Dimethoxy-2 : 2’-ditolyl (IV; R = OMe). 


It was suggested in Part I that in 9: 10-dihydro-4 : 5-dimethoxyphenanthrene some 
distortion of the molecule occurs in order to accommodate the methoxy] groups and that 
this distortion may take the form of out-of-plane bending of the methoxy] groups, rather 
than an increased departure from coplanarity of the phenyl rings. The methoxyl groups 
would thus be expected to have a smaller effect in reducing conjugation across the | : 1’- 
bond than they do in the corresponding oxepin and azepinium bromide. If this hypothesis 
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is correct, we should expect 9 : 10-dihydro-3 : 6-dimethoxyphenanthrene (where no such 
distortion is required) to show at least as much reduction in conjugation as the ortho- 
compound, rather than the somewhat lessened reduction in conjugation exhibited in the 
meta-series of oxepin and azepinium compounds. The absorption spectrum of 9: 10- 
dihydro-3 : 6-dimethoxyphenanthrene (Fig. 2) does in fact show a small short-wave shift 
and slightly reduced intensity in the conjugation band compared with the ortho-compound. 
It also shows the remarkable feature of the splitting of the conjugation band into two 
separate maxima (Amax, 2690 A, 2610 A; ¢ 12,000, 11,500; for the o-compound dAmax, 2720 A, 
e 13,500), a phenomenon which, to our knowledge, has not previously been recorded for 
the conjugation bands proper of substituted diphenyls; in the present case this splitting 
cannot be due to overlapping by the absorption bands of the benzenoid partial chromo- 
phores, as these are well separated at longer wave-length. The long-wave band is also 
slightly reduced in intensity compared with the ortho-compound (Amax. 3217 A, ¢ 8200, 
compared with Amax, 3045 Ave 9300) but this reduction is much less than that observed in 
the 7-membered ring compounds. Thus the absorption spectrum of (I; R = H, R’ = OMe) 
does not provide much additional support for the hypothesis of out-of-plane bending of the 
methoxyl] groups in the related ortho-compound but is still consistent with the indications 
from the corresponding oxepin and azepinium bromide that the mm’-methoxyl groups 
interact with the separate benzene rings in such a manner as to reduce the conjugation 
between the latter. 

Attempts to obtain salts of the azepinium ion (III; R =H, R’ = OMe) in enantio- 
morphous forms were unsuccessful. Crystallisation of the (-+-)-camphorsulphonate from 
acetonitrile gave no indication of resolution. Fractional crystallisation of the (+-)-«- 
bromocamphor-z-sulphonate from benzene appeared more promising as there seemed to 
be appreciable differences in the solubilities of various crops; over 30 were examined but 
it was difficult to follow the course of any separation polarimetrically owing to solvation of 
many of the fractions, and no real evidence of resolution was obtained. 

Attempts were also made to resolve a suitably substituted oxepin. 2: 2’-5: 5’-Tetra- 
methoxycarbonyldipheny] was reduced with lithium aluminium hydride, and the resulting 
2: 2’-5 : 5’-tetrakishydroxymethyldipheny] converted into 2 : 7-dihydro-3’ : 2’’-bishydroxy- 
methyl-3 : 4-5 : 6-dibenzoxepin (II; R= H, R’ = CH,°OH). The dimenthoxyacetate 
did not crystallise and, although a crystalline di(hydrogen phthalate) was prepared, we 
failed to obtain satisfactory alkaloidal salts from it. 

Non-resolution is, of course, no proof of the absence of enantiomorphism and we still 
consider that these compounds have dissymmetric molecules. So far, this has only been 
demonstrated for the not unequivocal cases of compounds with ortho-substituents (cf. 
Part I, loc. cit.; Wittig and Zimmermann, Ber., 1953, 86, 629). 

The absorption spectrum of compound (II; R = H, R’ = CH,*OH) is of some interest 
since the hydroxymethyl groups are only weakly auxochromic. The spectrum (Fig. 2) is 
practically identical with that of the parent unsubstituted oxepin (II; R = R’ = H) (cf. 
Part I, loc. cit.). These two compounds have max. 2540 A (c 14,500) and 2500 A (e 16,500), 
respectively, showing that the mm’-bishydroxymethy] groups have only a trivial effect on 
the location and intensity of the conjugation band of a non-coplanar diphenyl. 

Because of the frequently cited steric effects of 00’-methyl groups on the coplanarity of 
diphenyl itself, as inferred from ultra-violet absorption spectra (O’Shaughnessy and 
Rodebush, J. Amer. Chem. Soc., 1940, 62, 2906) and the availability of the related mm’-di- 
methoxy-derivative, the spectra of both ditolyl (IV; R =H) and 5: 5’-dimethoxy- 
2: 2’-ditolyl (IV; R = OMe) have been re-examined. The results for both compounds 
(Figs. 3 and 4) are in rather poor agreement with the earlier data (idem, loc. cit.; see also 
Friedel and Orchin, “‘ Ultraviolet Spectra of Aromatic Compounds,” John Wiley & Sons, 
Inc., New York, 1951, No. 163), which were obtained by a photographic method of rather 
limited precision and not always suited to the detection of fine structure. On cursory 
inspection the spectrum of 2 : 2’-ditolyl suggests that it is a completely hindered diphenyl 
with no conjugation between the phenyl groups, and showing low-intensity absorption 
(with some fine structure not found in the earlier work) in the 2650—2850-A region arising 
from the benzenoid partial chromophores. A comparison, however, with the spectra of 
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alkylbenzenes, which may be summarised as having Amar. ca. 2500—2700 A with much 
fine structure (emax, ca. 300), Amin, ca. 2300 A (cca. 30), Amax. below 2100 A (ec ca. 10,000) (see, 
e.g., American Petroleum Institute Research Project no. 44, Carnegie Institute of Tech- 
nology, Catalog of Ultraviolet Spectral Data) shows that in 2 : 2’-ditolyl there is much more 
absorption on the short-wave side of the fine structure than would be expected for the 
additive absorption of two alkylbenzene chromophores, to the extent that the expected 
minimum is replaced by a steeply rising curve. Since this absorption occurs at much 
longer wave-lengths than the intense short-wave band of the alkylbenzene chromophore it 
is regarded as a vestigial conjugation band which, in comparison with diphenyl, is dis- 
placed to shorter wave-length with great reduction in intensity, owing to the higher energy 
of the excited state resulting from the reduction in resonance stabilisation associated with 
the 1: 1'-conjugation (cf. Wheland, ‘‘ The Theory of Resonance,” John Wiley & Sons, 
Inc., New York, 1944, p. 161). The inflection at ca. 2300 A also supports the suggestion 
that there is a weak conjugation band in this region which is overlapped by the intense 
benzenoid short-wave band, here located below 2150 A with ¢ not less than 10,000 (per 
half molecule). The persistence of some conjugation in 2 : 2’-ditolyl is consistent with the 
view, advanced in Part I, that even in diphenyls which are appreciably non-coplanar 
significant conjugation is still present and can be detected spectroscopically. The spectrum 
of 5 : 5’-dimethoxy-2 : 2’-ditolyl (Fig. 4) indicates greatly reduced conjugation, as shown 
by a further short-wave displacement and intensity reduction of the conjugation band which 
is now completely merged into the long-wave side of the short-wave benzenoid band. The 
long-wave absorption band is therefore completely separate at ca. 2800 A with some 
fine structure and ema, ca. 5500; these values are consistent with the known absorption 
characteristics of the phenoxy-chromophore. 


EXPERIMENTAL 


Absorption spectra were determined in 96% ethanol, on the automatic-recording spectro- 
photometer designed and built by Holiday and Sutton (Sutton, Trans. Soc. Inst. Technol., 1951, 
8, 157). This instrument gives records which are linear in optical density (D) versus wave 
number (v), and Figs. 1—4 are direct tracings of such records, after application of suitable 
corrections for the instrument zero and absorption-cell inequalities. All important features 
of the spectra were also checked on a Unicam SP.500 spectrophotometer, and the wave-lengths 
of fine-structure maxima and inflections were determined by the moving-plate logarithmic-cam 
method (Holiday, J. Sci. Instr., 1937, 14, 166). The solutions used were adjusted to the same 
molar concentration (0-50 x 104m) which allows the use of a simple factor for converting D 
into molecular extinction coefficient (ce), viz., multiplying by 2 x 104 in the case of a l-cm. 
absorption cell. In our experience, the slight extra labour entailed by working in this manner 
is more than off-set by the elimination of lengthy replotting which otherwise greatly detracts 
from the speed and convenience of the automatic-recording instrument. In the present case 
the use of a fixed concentration is feasible because the available range of D (0O—1-2) may thus 
be made to cover a range of 0—24,000 for e which is well suited to the compounds concerned. 
For measurements below 2400 A, 0-20- and 0-10-cm. cells were mainly used, in order to cut 
down solvent absorption and to minimise stray light errors; these had been evaluated for both 
the spectrophotometers used. 

4-Methoxy-2-nitrotoluene.—p-Tolyl carbonate (720 g.) was nitrated as described by Copisarow 
(J., 1929, 251). The crude product was hydrolysed by boiling it for a few minutes with 10% 
sodium hydroxide solution and, after acidification and removal of 2-nitro-p-cresol (OH = 1) by 
steam-distillation, the crude 3-nitro-p-cresol was repeatedly extracted with boiling light petro- 
leum (b. p. 80—100°). The yield of crystallised material was 1566 g. (64%) from 1920 g. of 
p-tolyl carbonate. Methylation with methyl sulphate in the presence of aqueous sodium 
hydroxide, followed by steam-distillation, gave 4-methoxy-2-nitrotoluene in 85% yield. 

4-Methoxy-2-nitrobenzoic Acid.—This was obtained in 42% yield by the oxidation of 4- 
methoxy-2-nitrotoluene with aqueous potassium permanganate (40% excess). Addition of 
magnesium sulphate did not improve the yield. 

2-Amino-4-methoxybenzoic Acid.—Reduction of the above nitro-acid (7:0 g.) with stannous 
chloride and hydrochloric acid gave 0-85 g. (14%) of the required amino-acid, together with 
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2-5 g. (57%) of m-anisidine (confirmed by mixed m. p. of the acetyl derivative with authentic 
acet-m-anisidide). Reduction of the nitro-acid with ferrous sulphate and ammonia also gave 
the amino-acid in 14% yield. 2-Amino-4-methoxybenzoic acid, after one crystallisation from 
aqueous alcohol, had m. p. 181° (decomp.); Ullmann and Dootson (loc. cit.) give m. p. 172° 
(decomp.). 

3-Methoxy-o-toluidine Hydrochloride.—This was prepared by reduction of 4-methoxy-2- 
nitrotoluene with iron filings, water, and alittle acetic acid. The mixture was boiled under reflux 
for 2 hr. and then extracted with hot alcohol. The filtered extract was freed from the bulk of 
alcohol by distillation and the residue poured into concentrated hydrochloric acid. The hydro- 
chloride crystallised and was dried at 100° (yield 100%). 

2-Iodo-4-methoxytoluene, b. p. 107—108°/3 mm., was obtained in 64% yield from the above 
hydrochloride. 

Iodination of Methyl p-Tolyl Ethey.—The ether (61 g., 1 mol.) was added gradually to a 
solution in glacial acetic acid of freshly prepared iodine monochloride. A vigorous reaction 
took place and was completed by boiling under reflux for $} hour. The mixture was poured into 
water, and sulphur dioxide was passed in until the oily layer was pale yellow. The oil was 
separated, dried (CaCl,), and distilled, giving (1) unchanged ether (22 g.), b. p. up to 102°/6 mm., 
(2) b. p. up to 120°/5 mm. (practically all at 112—114°) (50 g.), and (3) residual dark oil. When 
fraction (2) was cooled it set almost solid. Successive freezings and filtrations led to 39 g. of 
almost pure 3-iodo-4-methoxytoluene, which after being twice crystallised from absolute alcohol 
had m. p. 30—31°. 

5: 5’-Dimethoxy-2 : 2’-ditolyl was obtained in 64% yield by heating 2-iodo-4-methoxy- 
toluene with copper bronze. 

5 : 5’-Dimethoxydiphenic Acid.—5 : 5’-Dimethoxy-2 : 2’-ditolyl (18 g.) was added to a boiling 
solution of potassium permanganate (48 g. in 2400 c.c. of water), containing 0-5 g. of manganous 
sulphate, and the mixture boiled under reflux with stirring. Further quantities of permanganate 
(12 g. each) were added after approx. 3 and 5 hr., the total time of heating being 7—8 hr. The 
acid was precipitated with sulphur dioxide, and, after purification through the sodium salt, had 
m. p. 228° (yield 55%). From each oxidation ca. 3 g. of dimethoxyditolyl were recovered. 
Esterification with methyl alcohol in the presence of sulphuric acid gave the dimethyl ester in 90% 
yield. It crystallised from methyl alcohol in long pointed prisms, m. p, 165—166° (Found : 
C, 65-1; H, 5-5. C,gH,,O, requires C, 65-45; H, 5-5%). 

2: 2’-Bishydroxymethyl-5 : 5’-dimethoxydiphenyl.—The above ester was reduced with lithium 
aluminium hydride in ethereal solution, the solid ester being washed into the reaction flask with 
ether. After 1 hour’s boiling the product was decomposed with water and 2n-sulphuric acid, 
and the ethereal layer separated. (The diol readily underwent dehydration in the presence of 
more concentrated acid.) The ether was removed and the residual diol crystallised from benzene 
(yield, 92%). It crystallised in fine needles containing benzene of crystallisation which was 
readily lost on heating on a water-bath. The unsolvated 2: 2’-bishydroxymethyl-5 : 5’-dimethoxy- 
diphenyl had m. p. 107—108° (Found: C, 70-0; H, 6-7. C,,H,,O, requires C, 70-05; H, 6-6%). 

2: 7-Dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6-dibenzoxepin.—The diol was melted under boiling 
water, and an equal volume of 50% sulphuric acid added; the solid oxepin separated at once. It 
crystallised from alcohol in plates, m. p. 159—160° (Found: C, 74-6; H, 6-4. C,,H,,O; 
requires C, 75-0; H, 6-3%). 

2: 2’-Bisbromomethyl-5 : 5’-dimethoxydiphenyl.—The above diol (9 g.) was added gradually 
to phosphorus tribromide (54 g.) with ice-cooling. The mixture was left at room temperature 
for $ hr., warmed to 30° for } hr., cooled again, and poured on crushed ice. Solid dibromide 
separated and was ground with water and dried in a vacuum-desiccator over sodium hydroxide. 
After one crystallisation from light petroleum (b, p. 60—80°) it had m. p. 113—114° (24-5 g., 
92%) (Found: C, 47-9; H, 4-2; Br, 40-3. C,,H,,O,Br, requires C, 48-0; H, 4-0; Br, 39-9%). 

9 : 10-Dihydvo-3 : 6-dimethoxyphenanthrene.—2 : 2’- Bisbromomethyl-5 : 5’-dimethoxydi- 
phenyl (20 g.), dissolved in ether (400 c.c.), was added to a warm ethereal solution of phenyl- 
lithium (from 1-0 g. of lithium and 10 g. of bromobenzene). Water and a little hydrochloric acid 
were added and the ethereal layer was separated, washed, and dried. The ether was removed 
and the remaining liquid distilled under reduced pressure. 9: 10-Dihydro-3 : 6-dimethoxy- 
phenanthrene was collected at ca. 205—215°/1 mm. and eventually solidified. It was crystallised 
from methyl alcohol (4-6 g., 38%) and then from light petroleum (b. p. 60—80°) and obtained 
as diamond-shaped plates, m, p. 80—81° (Found: C, 79-7; H, 6-8. C,gH,,O, requires C, 
80-0; H, 6-7%). When an alcoholic solution of 9: 10-dihydro-3 : 6-dimethoxyphenanthrene 
was left in sunlight it became yellow and deposited crystals of 3: 6-dimethoxyphenanthra- 
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quinone, m. p. 235—236° (uncorr.) [Fieser, Joc. cit., records m. p. 235° (uncorr.), 241° (corr.)]. 
The oxidation occurred in a few hours in strong sunlight. 

2: 7-Dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6-dibenzazepinium-1-spiro-1’"’-piperidinium Iodide.— 
A benzene solution of piperidine (9-5 g., 2-2 mols.) was added gradually to 2 : 2’-bisbromomethyl- 
5 : 5’-dimethoxydipheny] (20 g., 1 mol.) in benzene. A brisk reaction ensued and the quaternary 
bromide separated immediately. Water was added and the bromide dissolved very readily. 
The aqueous solution was washed with ether, and the iodide precipitated by the addition of 
potassium iodide solution. 2: 7-Dihydro-3' : 2’’-dimethoxy-3 : 4-5 : 6-dibenzazepinium-1-spiro- 
1’’-piperidinium iodide (21-4 g., 94-5%) crystallised from water in needles, m. p. 274—275° 
(Found: C, 55-9; H, 5-9. C,,H,,O,NI requires C, 55-9; H, 58%). The bromide was prepared 
by shaking an aqueous solution of the iodide with silver bromide. After removal of the silver 
iodide the aqueous solution was evaporated to dryness; the bromide crystallised from ethanol 
in clusters of needles, m. p. 270—-271° (Found: Br, 19-7. C,,H,,0,NBr requires Br, 19-8%). 

2: 7-Dihydro-3’ : 2’’-dimethoxy-3 : 4-5 : 6-dibenzazepinium-1-spiro-1’’’-piperidinium (-+)-a- 
bromocamphor-r-sulphonate was prepared in aqueous ethanol from the above bromide and the 
filtered soJution evaporated to dryness. The salt (28-5 g.) was crystallised from acetone-light 
petroleum but there was no indication of separation into diastereoisomerides. Recrystallisation 
from a large volume of benzene (3 1.) yielded two forms of crystals, stout rhombohedra and 
sheaves of fine needles, which were easily separated mechanically. The rhombohedral form had 
[%]5701 +52-5°, [x] 546, +62-5° (in EtOH) (Found: C, 58-7; H, 6-4. C,,H,O,NBrS requires 
C, 58:7; H, 64%). The needles had [a];,5, +45-9°, [«]54¢, +54-6° (in EtOH) (Found: C, 60-8; 
H, 6-7. C3,HyO,NBrS,4C,H, requires C, 60-6; H, 6-4%). Subsequent recrystallisations from 
benzene confirmed the conclusion that variation in specific rotation could be explained by 
solvation. 

2:2’: 5: 5’-Tetramethoxycarbonyldiphenyl.—3-lodo-p-toluic acid (Kléppel, Ber., 1893, 26, 
1733) was oxidised in 20-g. batches to iodoterephthalic acid by the method of Abbes (7bid., p. 
2951) and the dimethyl ester heated with copper bronze (Kenner and Witham, /., 1913, 103, 
232). The reaction mixture was extracted with o-dichlorobenzene; the cooled solution 
deposited the tetra-ester as rhombs, m. p. 145—146°, which resolidified in a second form, m. p. 
160—161°. Crystallisation from other solvents usually gave the low-melting form but on one 
occasion a benzene solution deposited plates, m. p. 158—161° (Kenner and Witham give m. p. 
156°). 

2:2’: 5: 5’-Tetrakishydroxymethyldiphenyl_—The above ester was reduced with a large 
excess of lithium aluminium hydride, a Soxhlet apparatus being used as the ester was sparingly 
soluble in ether. After the addition of water and acid, the ether was removed without separ- 
ation and the insoluble product filtered. 2: 2’: 5: 5’-Tetrakishydroxymethyldiphenyl crystallised 
from ethanol in needles, m. p. 202—203° (76%) (Found: C, 69-8; H, 6-9. C,,H,,O0, requires 
C, 70-1; H, 6-6%). 

2: 7-Dihydro-3’ : 2’’-bishydroxymethyl-3 : 4-5 : 6-dibenzoxepin was obtained in almost quanti- 
tative yield by heating the above compound on a water-bath with an excess of 2Nn-sulphuric acid 
for 1 hr. The oxepin crystallised from alcohol in plates, m. p. 192° (decomp.) (Found : C, 74-9; 
H, 6-2. C,,H,,0, requires C, 75-0; H, 6-25%). It was converted into the di(hydrogen phthalate), 
which crystallised from aqueous acetic acid in needles, m. p. 179—179-5° (Found: C, 69-1; 
H, 4:45. C,,H,,O, requires C, 69-6; H, 4-35%). 

We thank Imperial Chemical Industries Limited for a grant, and Dr. E. R. Holiday for 
spectroscopic facilities. 
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Derivatives of 5-0-Mercaptophenyl-3-methyl-1-phenylpyrazole. 
By W. J. Barry and I. L. Frinar. 
[Reprint Order No. 4455.] 


Some new ortho-substituted phenylpyrazoles are described, in which ring- 
closure has been effected between substituent groups to form a new polycyclic 
system (VII). 


COMPARATIVELY few polycyclic systems containing the pyrazole nucleus have been 
described, and only two, e.g. (I) (Knorr and Jédicke, Ber., 1885, 18, 2260) and (II) 
(Minnuni and Lazarini, Gazzetta, 1925, 55, 536), have been prepared by ring closure 
between one substituent in the pyrazole nucleus and another in an adjoining benzene ring. 

These compounds resemble the lactone of 8-mercapto-1-naphthoic acid (Friedlander and 
Woroshzow, Annalen, 1912, 388, 21). In each of these compounds the lactone ring is 
opened by alkalis and re-formed by mineral acids. 5-o-Mercaptophenyl-3-methy]l-l- 
phenylpyrazole-4-carboxylic acid (IV; R = SH, R’ = CO,H) has been shown to form a 
lactone with similar properties, and a study has been made of a number of related com- 
pounds in the hope of elucidating the nature of the products formed during the reductive 
degradation of thionaphthenopyrazole dioxides (as III; R = Me, R’ = Ph; Barry and 
McClelland, J., 1935, 471). This account is concerned mainly with the preparation and 
properties of derivatives of 5-o-mercaptophenyl-3-methyl-l-phenylpyrazole (IV; R = SH, 
R’ = Hi). 


NH-CO — OCO J 
y \c ; CMe /» fe N= CMe 4 va “i tes R’ ao 
PRR ae prapiitn: F celts.” oiblal nO a 
NPh N NR’ NPh 
(1) (IT) (III) (IV) 

Ethyl «-o-benzylthiobenzoylacetoacetate (VI), prepared by condensation of o-benzylthio- 
benzoyl chloride (V) with sodioacetoacetic ester, gave, on treatment with phenylhydrazine, 
ethyl 5-o-benzylthiophenyl-3-methyl-1-phenylpyrazole-4-carboxylate (IV; R = S:CH,Ph, 
R’ = CO,Et). Hydrolysis and decarboxylation gave the corresponding pyrazole (IV; 
R = S°CH,Ph, R’ = H). 

Tae CH,Ph(2)  CH,Ac-CO,Et aul CH,Ph PhNH-NH, 
C,E Ta ——> C,H \ ——» (IV; R = S-CH,Ph, 
COCI(1) NaOEt CO-CH:CO,Et R’ = CO,Et) 
(V) (VI) CO-CH, 


Debenzylation of the ester (IV; R = S°CH,Ph, R’ = CO,Et) by chlorine in moist 
acetic acid (cf. Zincke and Rose, Annalen, 1914, 406, 127: Baker, Dodson, and Riegel, 
J. Amer. Chem. Soc., 1946, 68, 2616) gave ethyl 5-o0- chlorosulphonylphenyl- -3-methy]-1- 
phenylpyrazole-4-carboxylate (IV; R=SO,Cl, R’=CO,Et). The free acid (IV; R = 
S°CH,Ph, R’ = CO,H) and its decarboxylation product (IV; R = S-CH,Ph, R’ = H), 
however, both gave the same compound, 4-chloro-5-o-chlorosulphonylphenyl-3-methyl-1- 
phenylpyrazole (IV; R = SO,Cl, R’ = Cl) when similarly treated. 

Reduction of ethyl 5-o-chlorosulphonylphenyl-3-methy]-1-phenylpyrazole-4-carboxylate 
(IV; R= 50O,Cl, R’ = CO,Et) with zinc and mineral acid gave, according to conditions, 
the sulphino-ester (IV; R = SO,H, R’ = CO,Et), the free acid (IV; R = SO,H, R’ - 
CO,H), the corresponding thiol (IV; R = SH, R’ = CO,H), or its lactone (VII) : 

R = SO,Cl, R’ = CO,Et) —» (IV; R= SO,H, R’ = CO,Et) —» (IV; R= 
R’ = CO,H) —» (IV; R = SH, R’ = CO,H). 

The sulphinic acids were remarkably stable to atmospheric oxidation, remaining 
unchanged after several weeks’ exposure. Attempts to decarboxylate the thiol resulted 
in the formation of the lactone. 

In order to confirm the structure of the above compounds, an attempt was made to 
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remove the sulphur-containing substituents and so obtain pyrazoles of known structure. 
SCO Accordingly, ethyl 5-o-chlorosulphonylphenyl]-3-methyl-1-phenyl- 
WY SN pyrazole-4-carboxylate (IV; R = SO,Cl, R’ = CO,Et) was heated 
O\/ N\c——come | : , , Ly Me 
FPS. 7a i in a sealed tube with mineral acid; the chlorosulphonyl group was 
Vv < i x hydrolysed. 
va) ie Ethyl 5-o0-benzylsulphonylphenyl-3-methyl-1-phenylpyrazole-4- 
carboxylate (IV; R = SO,°CH,Ph, R’ = CO,Et), however, underwent hydrogenolysis 
with Raney nickel to give ethyl 3-methyl-1 : 5-diphenylpyrazole-4-carboxylate (IV; 
R =H, R’ = CO,Et) (cf. Mozingo et al., J]. Amer. Chem. Soc., 1943, 65, 1013), thus 
confirming its structure. The sulphone (IV; R = SO,*CH,Ph, R’ = H), prepared either 
by direct oxidation of the sulphide, or by hydrolysis and decarboxylation of ethyl 5-o-benzyl- 
sulphonylpheny]-3-methyl-1-phenylpyrazole-4-carboxylate (IV; R = SO,°CH,Ph, R’ = 
CO,Et), was reduced by sodium amalgam in ethanol (Dabby, Kenyon, and Mason, /., 1952, 
4881) to 3-methyl-1-phenyl-5-pyrazolylbenzene-o-sulphinic acid (IV; R = SO,H, R’ = H), 
which was stable to mineral acids and was therefore not identical with the sulphinic acid 
formed during the reduction of the thionaphthenopyrazole dioxide (III; R = Me, R’ = 


Ph) (Barry and McClelland, loc. cit.). 
Further work on these derivatives is in progress. 


EXPERIMENTAL 

o-Benzylthiobenzoyl Chloride.—o-Benzylthiobenzoic acid (Apitzsch, Ber., 1913, 46, 310) was 
heated for 4 hr. with thionyl chloride (2—3 mol.). The acid chloride (60%), recrystallised 
several times from benzene, melted at 121—122° (Found: Cl, 13-4. C,,H,,OCIS requires Cl, 
13-2%). 

a-o-Benzylthiobenzoylacetoacetic Estey—The acid chloride (1-1 mol.) and ethyl acetoacetate 
(1 mol.) in sodium ethoxide (Claisen Annalen, 1896, 291, 67) gave, on addition of water (1 vol.), 
ethyl o-benzylthiobenzoate (27%), which after crystallisation from ethanol had m. p. 68° alone or 
mixed with the product obtained by heating the acid chloride with excess of ethanol (Found : 
C, 70-0; H, 5-9; S, 12-2. C,,H,,0,S requires C, 70-6; H, 5-9; S, 11-8%). 

Acidification of the filtrate gave the diketo-ester (73%), m. p. 65° (from ethanol). This gave 
a red colour with ferric chloride. The copper derivative formed bluish-green crystals from 
chloroform-ligroin [Found: C, 62-0; H, 5-0; S, 8-1; Cu, 7-9. (Cy9H ,0,S),Cu requires C, 
62:1; H, 4:9; S, 8-3; Cu, 8:1%]. 

Estimation of copper. An ethereal suspension of the derivative was shaken with 3n- 
sulphuric acid until all the solid matter had decomposed. The blue aqueous layer was separated 
and the cupric ion estimated iodimetrically. 

Ethyl 5-o-Mercaptophenyl-3-methyl-1-phenylpyrazole-4-carboxylate-—The diketo-ester (1 
mol.), heated with phenylhydrazine (1-1 mol.) in acetic acid for 2 hr. at 100°, yielded the 
pyvazole-carboxylate (83%), as needles (from ethanol), m. p. 121—122°, which gave Knorr’s 
pyrazoline test (Found: C, 72-4; H, 5-5; N, 6-7; S, 7-5. C,gH,,O,N,S requires C, 72-9; H, 
5-6; N, 6-5; S, 7-5%). 

Oxidation. The pyrazolecarboxylate, hydrogen peroxide (10 ml.; 100 vol.), and acetic acid 
(25 ml.) were heated at 100° for 1 hr., and then diluted and cooled. The sulphone (1 g.) had 
m. p. 162° after crystallisation from acetic acid (Found: C, 67-5; H, 5-3; N, 6-2; S, 6-9. 
C,,H,0,N,S requires C, 67-8; H, 5-2; N, 6-1; S, 7-1%). 

5-0-Benzylthiophenyl-3-methyl-1-phenylpyrazole-4-carboxylic Acid.—The pyrazole-carboxylate 
(1 g.) was heated for 2 hr. on the steam-bath with alcoholic potassium hydroxide (10%; 25 ml.), 
and the solution then acidified. The acid (0-8 g.), after recrystallisation from acetic acid, had 
m. p. 236° (decomp.) (Found : C, 71:2; H, 5-0; N, 6:8; S, 8:3. C,,gH,,0,N,S requires C, 72-0; 
H, 5:0; N, 7:0; S, 8-0%). 

Decarboxylation. Heating of the acid for 1—14 hr. at 250—255° gave 5-o-benzylthiophenyl-3- 
methyl-1-phenylpyrazole (60% yield), m. p. 110° (from ethanol) (Found: S, 9-2. C,3H N.S 
requires S, 9:0%). 

Ethyl — 5-o-Chlorosulphonylphenyl-3-methyl-1-phenylpyrazole-4-carboxylate—Chlorine was 
passed into a solution of the pyrazole-carboxylate (40 g.) in acetic acid (AcOH, 1000 ml.; H,O, 
25 ml.) for $ hr. at 0°, which was then set aside for 10 min. The sulphonyl chloride (36 g.) was 
precipitated by addition of ice water (500 ml.); after crystallisation from acetic acid it had 
m. p. 155—156° [Found : Cl, 8-2, 9-3 (Volhard). C,,H,,ClO,N,S requires Cl, 8-7%]. 

Anilide. The sulphonyl chloride (1 g.) was heated with aniline (5 ml.) in benzene (25 ml.) 
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and then cooled. The anilide (1 g.) had m. p. 157-5° (from benzene) (Found: N, 9-5. 
C4g9HgO,N,5 requires N, 9-1%). 

4-Chloro-5-0-chlorosulphonylphenyl-3-methyl-1-phenylpyrazole.—Similar chlorination of either 
the carboxylic acid or the pyrazole gave the chloro-compound (80%), m. p. 145° (after crystallis- 
ation from acetic acid), alone or when mixed (Found: C, 52-1; H, 3:2; N, 7-2; Cl, 19-3; 
S, 91. CygH,,0,Cl,N,5 requires C, 52-3; H, 3-3; N, 7-6; Cl, 19:3; 5S, 8-7%). 

Ethyl 3-Methyl-1-phenyl-5-0-sulphinophenylpyrazole-4-carboxylate.—Concentrated —hydro- 
chloric acid (20 ml.) was added to a suspension of zinc dust (10 g.) in acetic acid (100 ml.) 
containing ethyl 5-o-chlorosulphonylphenyl-3-methyl-l-phenylpyrazole-4-carboxylate (12 g.), 
and the mixture set aside for 12 hr. at room temperature. More hydrochloric acid (20 ml.) was 
then added, and 1 hr. later sufficient water to produce a faint turbidity. Next morning the 
sulphinic acid was obtained as needles (9-5 g.), which crystallised from ethanol as large rhombs, 
m. p. 186° (sealed tube), giving Smiles’s test (Found: C, 62-4; H, 4:8; N, 7-4; S, 8-5. 
C,9H,,0,N,5 requires C, 61-6; H, 4:9; N, 7-6; S, 8-6%). 

Hydrolysis with 10% alcoholic potassium hydroxide for } hr. gave the corresponding 
carboxylic acid (82% yield), m. p. 244° (sealed tube) (after recrystallisation from ethanol (Found : 
N, 7:7; S, 9-2. C,,H,,0,N,S requires N, 8-2; S, 9:3%). 

5-0-Mercaptophenyl-3-methyl-1-phenylpyrazole-4-carboxylic Acid Lactone.—Method 1. Zinc 
dust (25 g.) was added portionwise to a boiling solution of ethyl 3-methyl-5-o-sulphinophenyl- 
pyrazole-4-carboxylate (10 g.) in acetic acid (100 ml.)—sulphuric acid (3N; 100 ml.) during 14 hr. 
Dilution precipitated the lactone (2—3 g.), m. p. 208—210° (from butanol) (Found: C, 69-5; H, 
4-2; N, 9-6; S, 11-2. C,,H,,ON,S requires C, 69-9; H, 4:1; N, 9-6; S, 11-0%). 

Method 2. The lactone was similarly produced when concentrated hydrochloric acid was 
slowly added to a boiling solution of the ester in acetic acid, containing granulated zinc. 

Hydrolysis of the Lactone (VI1).—Boiling of the lactone for a few minutes with 20% ethanolic 
potassium hydroxide and acidification produced the thiol, which after recrystallisation from 
ethanol, melted at 158—160°, frothing and resolidifying to melt again at 208—210°. The thiol 
gave a white precipitate with mercuric chloride, and a yellow one with lead acetate. Addition 
of a few drops of concentrated hydrochloric acid to a boiling solution of the thiol in ethanol 
immediately regenerated the lactone, m. p. 208—210°. Warming the thiol, excess of 10% 
sodium carbonate solution, and a few drops of benzyl chloride for a few minutes, followed by 
acidification, produced the benzyl derivative, m. p. 235—236° (from acetic acid) alone or 
mixed with a specimen of 5-o-benzylthiophenyl-3-methyl-l-phenylpyrazole-4-carboxylic acid 
(iV; R= SCH Pay R’ = COgT. 

5-0-Benzylsulphonylphenyl-3-methyl-1-phenylpyvazole.-—Method 1. Ethyl 5-o-benzylthio- 
phenyl-3-methyl-1-phenylpyrazole-4-carboxylate (IV; R = SO,*CH,Ph, R’ = CO,Et) (7:5 g.) 
was heated for 15 min. with alcoholic potassium hydroxide (10°; 100 ml.), and the mixture 
acidified. The acid (5-2 g.), m. p. 238—240° (from ethanol) was heated at 250—270° for 1} hr., 
giving an amber-coloured resin, m. p. 182—183° after recrystallisation from ethanol (Found : 
S, 8:2. C,H. .O.N.S requires S, 8:25%). 

Method 2. 5-o-Benzylthiophenyl-3-methyl-1-phenylpyrazole (IV; R = S:CH,Ph, R’ = H) 
(0-75 g.) in acetic acid (10 ml.) containing hydrogen peroxide (30% ; 3 ml.) was heated for 1 hr. 
at 100°. Dilution with water produced the sulphone (0-5 g.), m. p. 180° alone (from ethanol) or 
180—183° in admixture with the compound from method 1. 

Reduction. The sulphone (1 g.) was heated with sodium amalgam (5%; 25 g.) in ethanol 
(25 ml.) for 34 hr.; the odour of toluene was soon detected. Evaporation of the solvent, 
extraction with boiling water (charcoal), and acidification precipitated 3-methyl-1-phenyl-5- 
pyrazolylbenzene-o-sulphinic acid (IV; R= SO,H, R’ =H). This was soluble in sodium 
hydrogen carbonate solution and was reprecipitated by acid; it gave Smiles’s sulphinic acid test. 
The compound was characterised by treatment with benzyl chloride (1 ml.) in excess of potassium 
carbonate in 50% ethanol for 6 hr. at 100°. Dilution of the mixture and crystallisation of the 
oil from ethanol gave the sulphone, m. p. and mixed m. p. 180—182°. 

Hydvogenolysis with Raney nickel. Ethyl 5-0-benzylsulphonylphenyl-3-methyl-1-phenyl- 
pyrazole-4-carboxylate (IV; R = SO,°CH,Ph, R’ = CO,Et) (1 g.) was refluxed with Raney 
nickel (10 g.) in ethanol (50 ml.) for 9 hr. giving, after filtration, ethyl 3-methyl-1 : 5-diphenyl- 
pyrazole-4-carboxylate, m. p. 119—121° alone or mixed with an authentic specimen prepared 
from benzoylacetoacetic ester and phenylhydrazine (Knorr and Blank, Ber., 1885, 18, 312). The 
identity of this compound was also confirmed by hydrolysis to the carboxylic acid, m. p. 205° 
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Triazoles. Part II.* N-Substitution of Some 1: 2: 4-Triazoles. 


By M. R. Atkinson and J. B. Porya. 
[Reprint Order No. 4489.] 


1: 2: 4-Triazole and its 3: 5-dimethyl and 3 : 5-diphenyl derivatives have 
been methylated, ethylated, and acetylated by various methods. The orient- 
ation of the unstable acetyltriazoles could not be determined with certainty. 
Alkylation afforded mainly 1-alkyl-1 : 2: 4-triazoles, the structures of which 
were established by alternative syntheses and comparison with known isomers. 
Some new triazole picrates have been prepared. 


Like the analogous glyoxalines and pyrazoles, “acidic” triazoles (I; R= R’ =H, 
Alkyl, Aryl, etc.) which contain no N-substituent are obtained only in one form. This 
may be due to mesomerism (Ia) or tautomerism (Id, c, d). Whichever representation is 
adopted, it appears probable that the acidic hydrogen will not be shared equally between 
the three nitrogen atoms. Alkylation of 1 : 2 : 4-triazole (ITI) (Pellizzari and Soldi, Gazzetta, 
1905, 35, I, 373) or 3: 5-dimethyl- (III) or 3: 5-diphenyl-l : 2: 4+triazole (IV) affords 
exclusively or mainly l-alkyl-l : 2: 4-triazoles, that is, derivatives of (Ib = Id). This 
suggests the uneven distribution of the acidic hydrogen between Ny) and Ny, without 
necessarily proving that the acidic hydrogen is more closely linked with either. More 
light may be thrown on this by a study of N-substitution of triazoles in which R and R’ 
are different which will be reported later. 
N N 
R:C4 * NCR’ RC% 4 


li 2 | —_ L 2 —= | || 
HN——_N N N N——NH Me:N N 


(Ib) (1H-form) (Ic) (4H-form) (Id) (V) 
R = R’ = H (I0), Me (IIT), Ph (IV). 


N N 
Neer’ RC’ Nor MecZ \oMe 


Methylhydrazine sulphate and diacetimide afford 1 : 3: 5-trimethyl-l : 2 : 4-triazole 
(V); under the mild conditions of the Einhorn—Brunner reaction (Part I *) rearrangement 
of methyl from Ni to Ng is unlikely. It was shown for (V) and all other 1 : 2 : 4triazoles 
studied in this work that such rearrangements do not occur at higher temperatures and with 
longer reaction times than those applying in Einhorn—Brunner syntheses. Also the rearrange- 
ment of N ,4-substituted 1:2: 4-triazoles [i.e., derivatives of (Ic)] to N,,)-substituted 
triazoles [i.e., derivatives of (Ib, d)] does not occur under such conditions. Methylation of 
3: 5-dimethyltriazole by diazomethane or by treatment of its sodium salt with methyl 
iodide affords (V) in good yield and free from the 3: 4: 5-trimethyl isomer (Meyer, G.P. 
574,944; Chem. Abs., 1933, 27, 4541). Pure (V) with methyl iodide gives a very hygro- 
scopic methiodide which is not obtained by reaction of equimolar amounts of methyl iodide 
and the sodium salt of the dimethyltriazole. 

Ethylation of 3 : 5-dimethyl-1 : 2 : 4-triazole by diazoethane affords an ethyldimethyl- 
triazole in almost quantitative yield. Treatment of the sodium salt with ethyl iodide 
affords the same main product with, in addition, a small quantity of an isomeric triazole. 
The latter is identified as 4-ethyl-3 : 5-dimethyl-1 : 2 : 4triazole by its Pellizzari synthesis 
from acetylhydrazine and N-ethylacetamide. As the two compounds are not inter- 
convertible by heating, the other must be the 1l-ethy] isomer. 

Methyl iodide and the sodium salt of 3: 5-diphenyl-1 : 2: 4-triazole afford 1-methyl- 
3: 5-diphenyl-1 : 2: 4-+triazole, the structure of which is established by an alternative 
synthesis from methylhydrazine sulphate and dibenzimide and by its difference from the 
isomeric 4-methyl-3 : 5-diphenyl-l : 2 : 4-triazole (Scheuing and Walach, G.P. 543,026; 
Chem. Abs., 1932, 26, 3263). It may be noted in general that trisubstituted 4H-1 : 2 : 4- 
triazoles + have considerably higher melting and boiling points than the isomeric 1H- 
1: 2: 4-triazoles. 

* Part I, J., 1952, 3418. + H indicates the position of the ‘‘ extra”’ (“indicated "’) hydrogen atom. 
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Methylation of the sodium salt of 1: 2: 4triazole itself by methyl iodide (Pellizzari 
and Soldi, loc. cit.) gave 1-methyl-1 : 2 : 4triazole, in agreement with the earlier work. 

Acylation of 3 : 5-dimethyl-l : 2: 4-triazole with acetic anhydride and treatment of 
its potassium salt with acetyl chloride afford the same acetyltriazole. Reduction of this 
to an ethyldimethyltriazole with lithium aluminium hydride failed, 3 : 5-dimethyltriazole 
being the only triazole isolated from the products. An attempted Einhorn—Brunner 
reaction between acetylhydrazine and diacetimide afforded acetamide and NN’-diacetyl- 
hydrazine in good yields, but no triazole. The acetyl group of the acetyldimethyltriazole 
is readily hydrolysed even by atmospheric moisture, but reaction with ethyl iodide in a 
sealed tube fails to replace acetyl by ethyl. Acetyl-1 : 2: 4+triazole itself is even more 
sensitive to moisture; it is decomposed by picric acid in chloroform to give 1:2: 4- 
triazole picrate. Acetylation of 3: 5-diphenyltriazole by different methods affords the 
same acetyldiphenyltriazole (Pinner, Ber., 1894, 27, 984; Wolchowe, Monatsh., 1916, 
37, 473). This is more resistant to hydrolysis by atmospheric moisture than the two 
previous acetyl derivatives but it is cleaved by picric acid. The lability of the acetyl 
groups in these compounds is consistent with their formulation as N-acetyltriazoles. 
The positions of the acetyl groups cannot be stated with certainty. On the analogy of 
the predominating l-alkylation (see above) and on consideration of the relatively low 
melting points, they may be regarded tentatively as l-acetyl derivatives. 

Although the analysis of triazole picrates is difficult and gives high figures for carbon 
and low figures for nitrogen (probably owing to the incomplete reduction of nitrogen 
oxides) picrates are possibly the best derivatives for the rapid identification of triazoles. 


EXPERIMENTAL 


M. p.s are corrected. 
The new picrates are shown in the Table. The last two were dried at 20°/1 mm., the others 


at 60—75°/1 mm. 
NR3 
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CHCl, 168° 
C,H,-MeOH 170 
C,H,-CHCl, 171 
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EtOH 126 
EtOH 147 
20% EtOH 135 
— EtOH 155 
Me — EtOH 137 
Ac * C,H,-CCl, 120 
* Possibly R? = Ac. * Prep. in CHCl. 
solvate, m. p. 150° (decomp.). “¢ Found: 
Reqd.: N, 24:7%. J Prep. in 20% EtOH. 
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Substitution of 1:2: 4-Triazole.—1: 2: 4-Triazole (10-0 g.) (Pellizzari, Gazzetta, 1894, 24, 
II, 222), dissolved in a solution of sodium (3-33 g.) in methanol (60 c.c.), was treated with methyl 
iodide (20-6 g.) according to Pellizzari and Soldi (/oc. cit.), then heated in an autoclave at 120° 
for 1 hr., and freed from methanol. The residue was extracted with hot benzene (50 c.c.) and 
then hot chloroform (3 x 50 c.c.). The combined extracts were cooled to precipitate un- 
changed 1: 2: 4-triazole, m. p. 121° (1-86 g., 19%). The filtrate was freed from solvent, and 
the residue distilled at 177°/755 mm., affording 1-methyl-1 : 2: 4-triazole (9-44 g., 78%), d3° 
1-105, nj) 1-4650, in agreement with recorded data. 

1:2: 4-Triazole (3-45 g.) was heated under reflux with acetic anhydride (6 c.c.) for 1 hr. 
The solvents were removed by distillation under atmospheric pressure; the fraction distilling 
at 178—180°/760 mm. set to colourless, triclinic crystals of acetyl-1: 2: 4-triazole (4-41 g., 
79%), m. p. 388—39°, b. p. 178°/755 mm., which sublimes at 40°/2 mm. (Found: C, 44-5; H, 
4:7; N, 37-5. CyHsON; requires C, 43-2; H, 4:5; N, 37-8%). Only picric acid was pre- 


[1954] Triazoles. Part II. 143 
cipitated when warm chloroform or benzene—carbon tetrachloride solutions of acetyltriazole 
and picric acid were mixed; the mother-liquor deposited 1 : 2 : 4-triazole picrate after a week. 

Sodium (0-23 g.) was dissolved in ethanol (50 c.c.) and after addition of 1 : 2: 4-triazole 
(0-69 g.) the solution was evaporated to dryness. The residue was covered with benzene 
(20 c.c.) and mixed with acetyl chloride (1 c.c.) in benzene (20 c.c.), and the suspension boiled 
under reflux with stirring for 30 min., then filtered. The residue was washed with benzene 
(30 c.c.), and the combined filtrate and washings were freed from solvent. The product was 
purified by distillation at 179—180°/760 mm. and crystallized from benzene-—light petroleum 
(b. p. 40—60°) in triclinic crystals (0-21 g., 19%), m. p. 38—39° alone or on admixture with the 
former acetyltriazole. 

Substitution of 3: 5-Dimethyl-1 : 2 : 4-triazole-—(a) Acetyl derivative. 3: 5-Dimethyl-1 : 2: 4- 
triazole (2-0 g.) (Silberrad, J., 1900, 77, 1185) and acetic anhydride (4-0 c.c.) were boiled for 
1 hr. under reflux, then the solvents were distilled off. The residue, sublimed at 70°/2 mm., 
gave colourless prisms of acetyl-3 : 5-dimethyl-1 : 2: 4-triazole (2-41 g., 84%), m. p. 90—91°, 
b. p. 199°/760 mm. (Found: C, 51-9; H, 6-4; N, 30-9. C,H,ON, requires C, 51-8; H, 6-5; 
N, 30-2%). 

3: 5-Dimethyl-1 : 2: 4-triazole (1-00 g.) was dissolved in a solution of potassium (0-39 g.) 
in methanol (10 c.c.). The potassium salt was precipitated with ether (200 c.c.), suspended 
in benzene (50 c.c.), and treated with acetyl chloride (0-80 g.) in benzene (25 c.c.) as in the 
preparation of acetyl-1 : 2: 4-triazole. The product (0-86 g., 60%), purified by sublimation, 
had m. p. 89—91° alone and on admixture with the preceding sample. The picrates of the two 
materials were similarly proved to be identical. 

Acetyldimethyltriazole (0-76 g.) and ethyl iodide (0-89 g.) were heated in a sealed tube 
with benzene (2 c.c.) at 100° for 6 hr. Removal of the solvent and sublimation of the residue 
gave unchanged acetyldimethyltriazole, m. p. 90° (0-71 g., 93%), identified as the picrate, 
m. p. 120°. 

Diacetimide (10-1 g.) and acetylhydrazine (7-4 g.) were dissolved in a mixture of ethanol- 
free chloroform (100 c.c.) and dry pyridine (10 c.c.), and the solution was set aside at room 
temperature for a month. The solvent was removed by distillation and repeated evaporation 
with carbon tetrachloride. Sublimation of the residue at reduced pressure afforded acetamide 
(4-2 g., 78%), m. p. 78°. The less volatile portion, recrystallized from ether—isopropyl alcohol, 
gave NN’-diacetylhydrazine (9-1 g., 78%), m. p. 136° alone and on admixture with material 
prepared by Stollé’s method (Ber., 1899, 32, 796). No dimethyltriazole or acetyldimethyltriazole 
could be detected. 

Acetyldimethyltriazole (1-75 g.) was added to a slurry of lithium aluminium hydride (1-5 g.) 
in ether (50 c.c.), and the mixture was refluxed under nitrogen for 20 hr. After decomposition 
of the mixture with water, followed by 4N-sulphuric acid, the aqueous layer was extracted with 
chloroform (3 x 50 c.c.). Evaporation of the combined extracts left traces of an oil which 
gave no picrate. Extraction of the aqueous layer made alkaline with 10% sodium hydroxide 
gave similar results. Extraction of the residue, obtained on neutralization and concentration 
of the aqueous layer, with chloroform gave dimethyltriazole (0-84 g., 69%), m. p. and mixed 
m. p. 141—142°. 

(b) Methyl derivative. Diacetimide (15-0 g.) and methylhydrazine sulphate (14-4 g.) were 
heated at 145° for 5 hr. Water (5 c.c.) was added, the solution boiled under reflux for another 
hour, and its pH adjusted to 5 with cold 2N-sodium carbonate and then to pH 8 with cold 
concentrated aqueous ammonia. Extraction with chloroform (3 x 80 c.c.) followed by the 
removal of the solvent and distillation of the residue at 193—195°/760 mm. left crude 1: 3: 5- 
trimethyl-1 : 2: 4-triazole which was redistilled at 193°/755 mm. and 72—74°/11 mm. (6-3 g., 
57%) and then had 43° 1-037, n?? 1-4652 (Found: C, 54-5; H, 8-3; N, 37-3. C,H,N, requires 
C, 54:0; H, 8-2; N, 37-8%). 

A solution of trimethyltriazole (0-76 g.) and methyl iodide (3-4 g.) in benzene (20 c.c.) was 
boiled under reflux for 4 hr. and on cooling afforded very hygroscopic prisms of 1: 3: 5-tri- 
methyl-1 : 2: 4-triazole methiodide; dried at 75°/2 mm. and recrystallized twice from methanol— 
ether (1:2) they had m. p. 138° (Found: C, 27-5; H, 5-5; I, 50-2. C,H,,N3I requires C, 
28-5; H, 4:8; I, 501%). The hygroscopic nature of the substance no doubt accounts for 
discrepancies of the carbon and hydrogen analyses; the iodine analysis was carried out in our 
own laboratory on absolutely fresh material. 

Dimethyltriazole (7-50 g.) was dissolved in a solution of sodium (1-78 g.) in methanol (40 c.c.) 
and caused to react with methyl iodide (11-0 g.) for 1 hr. at room temperature and 1 hr. at 
120° (sealed vessel). The products were worked up as before and afforded trimethyltriazole 
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(6-95 g., 81%) and unchanged dimethyltriazole (0-15 g., 2%); these triazoles and their picrates 
were identical with those reported in the preceding experiments. Neither this nor a similar 
experiment in which the reaction temperature did not exceed 100° afforded 3: 4 : 5-trimethyl- 
1: 2: 4-triazole which has m. p. 81-5° (Meyer, loc. cit.), Dimethyltriazole (1-00 g.) in methanol 
(20 c.c.) was treated with a 10—-12-molar excess of ethereal diazomethane in 3 portions during 
3 days. After removal of the solvent, 1: 3; 5-trimethyl-1 : 2: 4-triazole was distilled below 
70°/1-5 mm., then redistilled at 195—196°/755 mm. (0-93 g., 81%), and identified as the picrate. 
The residue, triturated with benzene, crystallized, giving unchanged dimethyltriazole (0-14 g., 
14%), m. p. 143°. 

(c) Ethyl derivative. Phosphorus oxychloride (15-3 g.) in dry ethanol-free chloroform 
(100 c.c.) was added with stirring to N-ethylacetamide (8-7 g.) in dry pyridine (16 g.) below 20°. 
After 12 hr. acetylhydrazine (7-4 g.) in boiling chloroform (200 c.c.) was added; heating and 
stirring were continued for 1 hr. The cooled product was extracted with water (2 x 100 c.c.) 
and 10% aqueous sodium hydrogen carbonate (2 x 50c.c.); the aqueous solutions were united, 
made strongly alkaline with sodium hydroxide, and extracted with chloroform (4 x 100 c.c.). 
The combined chloroform extracts were dried and the residue was purified by fractionation 
at 170—175°/12 mm. and by chromatography in benzene on alumina, followed by elution with 
benzene-chloroform (20:1), which gave 4-ethyl-3 : 5-dimethyl-1 : 2: 4-triazole (2-84 g., 23%), 
m. p. 115—116° (Found: C, 56-7; H, 9-6; N, 33-8. C,H,,N; requires C, 57-6; H, 8-9; N, 
33-6%). The substance is hygroscopic; its picrate gives better analytical results. 

Dimethyltriazole (10-0 g.) in a solution of sodium (2-37 g.) in ethanol (60 c.c.) was ethylated 
‘with ethyl iodide (16-1 g.) for 1 hr. at room temperature and 1 hr. at 120° in a sealed vessel. 
Distillation at 196°/755 mm., then 80-5—81-5°/12 mm., afforded l-ethyl-3 : 5-dimethyl-1 : 2: 4- 
triazole (7-50 g., 58%), 3g 0-990, nf} 1-4690 (Found: C, 57-2; H, 8-9; N, 33-7%). The 
hygroscopic residue from the distillation gave a picrate which did not depress the m. p. of the 
picrate of 4-ethyl-3 : 5-dimethyl-1 : 2: 4-triazole prepared in the preceding experiment. The 
picrate was decomposed by 4n-hydrochloric acid; extraction with chloroform and chromato- 
graphic purification gave the expected base (0-15 g., 1%), m. p. and mixed m. p. 115°. 

Ethylation of dimethyltriazole by diazoethane was carried out in the same manner as the 
methylation with diazomethane, but an 18-molar excess was used. This gave l-ethyl-3: 5- 
dimethyl-1 : 2: 4-triazole (1:20 g., 93%), b. p. 194-5°/745 mm., and unchanged dimethyl- 
triazole (0-03 g.); the isomeric ethyldimethyltriazole could not be detected. 

Substitution of 3: 5-Diphenyl-1: 2: 4-triazole-——-The preparation of acetyldiphenyltriazole 
by the acylation of 3: 5-diphenyl-1 : 2: 4-triazole (1-2 g.) (Pellizzari, Gazzetta, 1911, 41, II, 
20) with acetic anhydride (2-0 g.) and sodium acetate (1-0 g.) by Wolchowe’s method (oc. cit.) 
gave the expected compound (0-85 g., 60%), m. p. 108° after recrystallization from ether-—light 
petroleum (b. p. 60—80°). Diphenyltriazole (0-54 g.) and acetic anhydride (2-0 g.) were boiled 
under reflux for 4 hr. The acetic anhydride was distilled off and the residue sublimed at 100°/1 
mm. This gave acetyldiphenyltriazole (0-60 g., 93%), m. p. 107—108° alone or when mixed 
with the first preparation. 

Diphenyltriazole (4-4 g.) was dissolved in a solution of sodium (0-46 g.) in methanol (10 c.c.), 
The solution was evaporated to dryness and the residue was boiled with acetyl chloride (1 c.c.) 
in benzene (30 c.c.) for 1 hr. The sodium chloride was filtered off and washed with ether 
(2 x 20c.c.). The combined filtrate and washings were evaporated to dryness and the residue, 
recrystallized from ether-light petroleum, afforded acetyldiphenyltriazole (2:38 g., 45%), 
m. p. 107°, identical with the preceding two preparations. 

Diphenyltriazole (2-21 g.) was dissolved in a solution of sodium (0-23 g.) in methanol (5 c.c.), 
mixed with methyl iodide (1-42 g.), and heated to 120° for 15 hr. The product was made into 
a slurry with 5% aqueous sodium carbonate and stirred with benzene-ether (1:1; 3 x 30c.c.). 
After removal of solvents from the extract the residue was dissolved in benzene, filtered through 
a column of alumina, and evaporated to dryness. Crystallization from benzene-light petroleum 
(b. p. 40—60°) gave 1-methyl-3 : 5-diphenyl-1 : 2 : 4-triazole (1-47 g., 63%), m. p. 85° (Found: 
C, 76-8; H, 5-6; N, 18-0. C,;H,,N, requires C, 76-6; H, 5-5; N, 17-9%). 

Dibenzimide (2-25 g.) and methylhydrazine sulphate (1-44 g.) were heated together at 160° 
for 4 hr. A suspension of the product in water (100 c.c.) was brought to pH 6 with sodium 
carbonate and extracted with benzene-ether (2:1; 4 x 25 c.c.). The extract was dried and 
evaporated. The residue, recrystallized from light petroleum (b. p. 60—80°), gave 1-methyl- 
3: 5-diphenyl-1 : 2 : 4-triazole (0-95 g., 40%), m. p. 85°, identical with the preceding preparation. 
Both preparations are clearly different from 4-methyl-3 : 5-diphenyl-1 : 2: 4-triazole which 
has m. p. 242° (243° according to Scheuing and Walach). 
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All the triazole preparations were heated at 140—165° for 4—6 hr. without change of physical 
constants. 
The authors acknowledge with thanks an I.C.I.A.N.Z. Research Fellowship (to M. R. A.). 
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The Attempted Preparation of Optically Active Sy-Dideuterobutyrophenone. 
By A. F. LeC. Hotpine and W. A. Ross. 
[Reprint Order No. 4492.] 


(—)-«-Allylbenzyl hydrogen 3-nitrophthalate was reduced with deuterium 
in the presence of platinum. Crystallisation of the resulting dideutero- 
compound, followed by hydrolysis and oxidation, gave By-dideuterobutyro- 
phenone, which after purification through the semicarbazone, was optically 
inactive within the limits of visual accuracy. 


Coppock, KENYON, and PARTRIDGE (/j., 1938, 1069) attempted to obtain optically 
active «-dideuteropropiophenone by reducing (—)-a-phenylallyl alcohol with deuterium 
to (+)-2: 3-dideutero-l-phenylpropanol, but the purified ketone eventually obtained 
after oxidation was optically inactive. Later, Eliel (J. Amer. Chem. Soc., 1949, 71, 3970) 
obtained (—)-1’-deuteroethylbenzene by the reduction of (—)-1’-chloroethylbenzene with 
lithium aluminium deuteride, and optically active 2: 3-dideutero-trans-menthane 
(Alexander and Pinkus, 7bid., p. 1786) and 3-deutero-trans-p-menthane (Alexander, 7bid., 
1950, 72, 3796) have also been prepared. The following reactions, similar to those of 
Coppock, Kenyon, and Partridge (loc. cit.), were therefore attempted with a compound 
not containing a keto-group adjacent to the asymmetric centre: 


— > Ph:CHX-CH,-CHD-CH,D ——» Ph-CH(OH)-CH,-CHD-CH,D 


Ph-CHX-CH,CH:CH, | 


—» Ph-CHX-CH,-CHD-CH,D ——» Ph-CH(OH)-CH,-CHD-CH,D 


Ketone ««—— semicarbazone ««—— Ph-CO-CH,"CHD-CH,D 
[X = NO,°C,H;(CO,H)-CO-O*] 


a-Allylbenzyl alcohol (Klimenko, J. Russ. Phys. Chem. Soc., 1911, 48, 212) was 
converted into the hydrogen 3-nitrophthalate, separable by chloroform into isomeric 
forms. Dissociation-constant measurements showed the higher-melting isomer to be 
the stronger acid, from which the annexed structures (R = CH,-CH-CH,’CHPh:’) 
may be inferred (cf. Ingold, “Structure and Mechanism in Organic Chemistry,”’ 
G. Bell & Sons Ltd., London, 1953, p. 739 et seg.). The (—)-hydrogen 3-nitrophthalate 


NO, 

f )CO,H 

Q/ OOk 

M. p. 166—167° M. p. 155—156° 

was reduced by deuterium in the presence of platinum, and the product recrystallised 
fourteen times from benzene-light petroleum, the last crop having [a]? —54-1° and m. p. 
131—132° (the analogous dihydro-compound had [«]}? —53-2° and m. p. 131—132°). The 
ester was hydrolysed by alkali, and the alcohol oxidised to #y-dideuterobutyrophenone 
which was purified by conversion into the semicarbazone. After recrystallisation, the 
semicarbazone and resulting ketone were optically inactive within the limits of 


experimental error. 
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This failure may be due to similarity in the solubilities of the diastereoisomeric esters, 
or to an undetectable rotation in the product, the former seeming the more likely, since the 
system CHDRR’ has been known to exhibit measurable optical activity (see above); a 
resolution of this type by fractional crystallisation has not yet been reported. 


EXPERIMENTAL 


(+-)-«-Allylbenzyl Alcohol_—Klimenko’s method (loc. cit.) gave the alcohol (87%), b. p. 88— 
90°/3 mm., nz 1-5289 (Found: C, 81-1; H, 8-2. Calc. for C,jH,,O: C, 81:0; H, 82%). 
Its 3: 5-dinitrobenzoate separated from aqueous ethanol as pale yellow plates, m. p. 90—91° 
(Found: C, 60-1; H, 4:2; N, 8-4. C,,H,,O,N, requires C, 59-6; H, 4:1; N, 8-2%). 
Reduction afforded 1-phenylbutanol [hydrogen phthalate, m. p. 90—91° (lit., 90—91°)]. 

(+-)-x-Allylbenzyl Hydrogen 3-Nitrophthalate——A mixture of the foregoing alcohol (133 g.) 
and 3-nitrophthalic anhydride (173-5 g.) in pyridine (70 g.) was heated for 2 hr. at 110—115°. 
Next day, the product, diluted with an equal volume of acetone, was decomposed with hydro- 
chloric acid and ice. The crude mixture (290 g., 94%) was partly separated into isomeric 
esters by chloroform extraction. The chloroform-insoluble (-+-)-«-allylbenzyl hydrogen 3-nitro- 
phthalate (about 33% of the mixture) crystallised from benzene as a pale yellow granular solid, 
m. p. 155—156° after recrystallisation from the same solvent (Found: C, 63-8; H, 4-7; N, 
4:-3%; equiv., 343. C,,H,,O,N requires C, 63-3; H, 4:6; N, 4:2%; equiv., 341). The 
chloroform-soluble ester (about 66% of the mixture) separated from benzene as colourless 
needles, m. p. 166—-167° after recrystallisation from the same solvent (Found: C, 63-8; H, 
4-6; N, 4:2%; equiv., 341). A mixture began to melt at 140°. The dissociation constants 
were determined in 50% (by weight) aqueous ethanol having « 0-45 gemmho, p,, 0-9107. 
Specific conductances were determined at 25° +0-005 in a bottle-type cell having greyed 
platinum electrodes of constant 1/A 0-09146. Resistances were measured on a 1: 1 ratio bridge 
employing a Wagner earth compensator and supplied with a sine-wave current. The total 
R.M.S. bridge voltage was less than 0-1 v and the signal was amplified. The ratio (2-24) of the 
dissociation constants [(6-01 x 10-5) /(2-68 x 10-)] was independent of the A, value, obtained 
by the application of Walden’s rule to comparable data in aqueous ethanol and aqueous acetone. 

(—)-a-Allylbenzyl Hydrogen 3-Nitrophthalate-—To a solution of the (+)-phthalate (92 g.) 
(from which much of the higher-melting form had been removed by chloroform) in methanol- 
chloroform (5:1; 2000 c.c.) was added strychnine (88 g.), and the mixture was heated under 
reflux until dissolution was complete. When the solution was concentrated (1250 c.c.) and set 
aside, the strychnine salt (70-4 g.) separated as pale yellow prisms. Three recrystallisations 
gave the pure salt (53 g.), m. p. 199—200°, [a]? —1-73° (J, 4; c, 7-80 in CHCI,), from which the 
(—)-ester (26-8 g.), pale yellow prisms (from benzene-light petroleum), m. p. 126—127°, [a]? 
—17:3° (l, 4; c, 5-74 in CHCl,), was obtained by decomposition with ammonia and extraction. 

(+-)-«-Allylbenzyl Hydrogen 3-Nitrophthalate.—The mother-liquors from the above crystallis- 
ation were decomposed, and the recovered ester (60 g.) crystallised from benzene-—light 
petroleum. This ester (56 g.) was dissolved in methanol (650 c.c.), cinchonine (48 g.) was added, 
and the mixture heated under reflux until dissolution was complete. On cooling, the cinchonine 
salt separated as needles, m. p. 175—182°, [a]? + 128° (i, 4; c, 7-28 in CHCl,). After five 
recrystallisations from methanol, the salt (23-4 g.), m. p. 192—193°, [a]? +178-5° (1, 4; c, 5-80 
in CHCl,), was decomposed, to give the (+)-ester (12-7 g.), separating from benzene-—light 
petroleum as plates, m. p. 126—127°, [a]}8 +17-9° (J, 4; c, 5-76 in CHC1I,). 

(-+-)- and (—)-a-Allylbenzyl Alcohol.—(+)-a-Allylbenzyl hydrogen 3-nitrophthalate (3 g.) 
was steam-distilled in an excess of aqueous sodium hydroxide (16 g. in 50. c.c.). Extraction of 
the distillate gave the (-+-)-alcohol (1-2 g.) as a colourless liquid, [«]}? +48-3° (J, 4; c, 6-74 in 
C,H,), n#*® 1-5253. The (—)-alcohol (1-2 g.) obtained similarly from the (—)-ester (3-1 g.) had 
[x]}® —48-7° (1, 4; c, 6-92 in C,H,), n??° 1-5250. A second resolution gave the (—)-alcohol of 
a|7 —50-0° (1, 4; c, 5-50 in C,H,). The (—)-ester (3-3 g.) was reduced with hydrogen in the 
presence of platinum to (—)-1-phenylbutyl hydrogen 3-nitrophthalate (3-0 g.), m. p. 131—132°, 
colourless needles (from benzene-light petroleum), [«]}} —53-2° (1, 4; c, 6-81 in CHCI,), [a]? 

24-3° (1, 4; c, 6-81 in Et,O). Hydrogenolysis of the ester (3-0 g.) with lithium aluminium 
hydride (1-8 g.) gave, after distillation (b. p. 90—92°/2 mm.), (—)-l-phenylbutanol (0-7 g.) as 
long colourless needles, m. p. 46—47°, [a]? —44-7° (1, 4; c, 5-13 in C,H,). A sample of (+-)-1- 
phenylbutanol, kindly supplied by Dr. J. Kenyon, had [«]7? +-45-1° (1, 2; c, 4-79 in C,H,). 

(—)-3 : 4-Dideutero-1-phenylbutyl Hydrogen 3-Nitrophthalate-——Deuterium was obtained by 
the electrolysis between platinum electrodes of ‘‘ Norsk Hydro’’ heavy water (D,O 99-7%) 
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acidified with a little sulphur trioxide. The gas was collected in an evacuated rubber bladder 
and admitted to the evacuated deuteration apparatus until the internal pressure was just below 
atmospheric. (—)-a-Allylbenzyl hydrogen 3-nitrophthalate (11-6 g.) with the platinum 
catalyst in‘ethyl acetate (80 c.c.) was drawn into the deuteration apparatus from a separating 
funnel. Deuteration proceeded smoothly during 2 hr. at 40—45°, the initially colourless 
solution becoming pale yellow. Removal of the catalyst and solvent gave (—)-3 : 4-dideutero- 
1-phenylbutyl hydrogen 3-nitrophthalate (11 g.), m. p. 128—129°, [a]}® —52-6° (I, 4; c, 5-84 in 
CHCI,), as pale yellow needles from benzene-light petroleum. Deuteration of more ester 
(11-6 g.) in ether at room temperature, gave the same product (11-6 g.), m. p. 128—129°, 
(a]}® —53-0° (/, 4; c, 5-93 in CHCI,). The combined products were recrystallised fourteen times 
from benzene-light petroleum, the last crop (6-6 g.) having m. p. 131—132°, [a]? —54-1° (I, 4; 
c, 5-82 in CHCI,). 

By-Dideuterobutyrophenone.—The ester (6-6 g.) was hydrolysed by steam-distillation with 
aqueous sodium hydroxide as described above, the 3: 4-dideutero-l-phenylbutanol (2-7 g.), 
m. p. 45—46°, having [a]?? —44-7° (1, 4; c, 5-17 in C,H,), [x]? —49-3° (I, 4; c, 5-13 in CHCI,). 
To this (2-7 g.) in acetic acid (15 c.c.) was added chromic oxide (1-8 g.) in aqueous acetic acid 
(17 c.c. of 88%) at 40—45°. The product was stirred for a further 0-5 hr., the excess of chromic 
oxide decomposed with a few drops of sulphurous acid, and the mixture neutralised with sodium 
carbonate solution, and then distilled in steam. Extraction of the distillate gave By-dideutero- 
butyrophenone (2-3 g.) as a very pale yellow liquid. The semicarbazone (3-1 g.) separated from 
aqueous ethanol as colourless plates, m. p. 188—190°, «7 +0-02° (/, 4; c, 25-0 in AcOH), and it 
(3-0 g.) was reconverted into the ketone (2-0 g.) by steam-distillation from sulphuric acid, the 
product having «af -+.0-02° (J, 0-5; homogeneous), n}*® 1-5162. The oxidation was repeated 
with the alcohol (1-0 g.) from the hydrogen 3-nitrophthalate obtained from a fraction of the 
mother-liquors during crystallisation. Hydrolysis of the semicarbazone gave a ketone showing 
ai +0-02° (1, 0-5; homogeneous), n}7* 1-5166. 


The authors thank Messrs. S. R. C. Hughes and J. W. Laxton for the dissociation-constant 
determinations and Dr. J. Kenyon for helpful advice. 
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Researches on Acetylenic Compounds. Part XLI.* The Synthesis of 
Diphenylpolyacetylenes. 
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The synthesis of a series of diphenylpoly-ynes Ph*[C?C],*Ph is described, 
those with m = 3, 4, 6, and 8 having been isolated and crystallised. Their 
ultra-violet and infra-red spectra are described and discussed, and compared 
with those of the corresponding polyenes. 


Tue diphenylpolyenes (II) are much more stable than the purely aliphatic polyenes. 
Consequently, having prepared a number of aliphatic conjugated polyacetylenes (Cook, 
Jones, and Whiting, /., 1952, 2883) which on the whole proved to be rather unstable, 
we turned to the synthesis of the presumably more stable diphenylpoly-ynes (I). Such a 
project appeared additionally attractive since it offered the possibility of comparisons with 
the well-known diphenylpolyenes, synthesised and studied by Kuhn and his collaborators 
(for summary see /J., 1938, 605). 
Ph-[C=C},"Ph Ph:-[CH=CH],"Ph Ph-[C=C],"H 
(1) (11) (IIT) 

Four new members of the series (I), where » = 3, 4, 6, and 8, have been obtained, and 

the general laws defining their spectrographic properties elucidated. After the completion 


of most of this work, independent syntheses of (I; » = 3 and 4) (Nakagawa et al., Chem. 
Abs., 1951, 45, 7081, 8486) and of (I; = 3, 4, and 5) (Schlubach and Franzen, Annalen, 


* Part XL, J., 1953, 3052. 
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1951, 572, 116; 578, 105), were recorded; the ultra-violet light absorption properties of 
the compounds were compared by the latter authors (tbid., 1951, 578, 110). 

The first two hydrocarbons of series (I) have been known for many years; extension to 
(I; = 3) was readily accomplished by employing one of the routes devised for aliphatic 
poly-yne synthesis (cf. Cook, Jones, and Whiting, Joc. cit.), vtz. : 

SOCI,-C,H,N NaNH, 
(Ph*CH(OH)-C=C:], ——————> [Ph-CHCI‘C=C-], ——— (I; = 3) 
or PC],-C,H,N or KOEt 

This is essentially the route used by Schlubach and Franzen (loc. cit.) and by Bohlmann 
(Ber., 1951, 84, 785). A trace of this compound was also obtained when a mixture of 
ethynylenedimagnesium dibromide (1 mol.) and phenylethynylmagnesium bromide 
(2 mols.) was treated with cupric bromide; the chief product of this reaction was (I; = 2), 
but partial chromatographic separation gave fractions which showed a sharp absorption 
band at 3590 A and therefore probably contained (I; = 3). 

Preliminary experiments on the synthesis of (I; ™ = 4) involved the possible method : 

2Ph-C=C-MgBr + l-C=C-C=C-I ——» (I; n = 4) 

This was based on the claim by Grignard and Tcheoufaki (Compt. rend., 1929, 188, 359) 
to have synthesised (III; = 3) by an analogous route from I-C=C-C=CH, a claim 
rendered extremely implausible by our experiments and also by recent results of Schlubach 
and Franzen (Annalen, 1951, 573, 115). A very convenient synthesis of di-iododiacetylene 
from disodiodiacetylene and iodine in liquid ammonia was devised, but no trace of (I; 
n = 4) was formed in the reaction with the Grignard reagent from phenylacetylene even 
in the presence of a little cuprous chloride. 

The preparation of (III; = 2) was then achieved by two routes : 


Br, NaNH, 
Ph-CH=CH-CH>=CH, ——» Ph:-CHBr-CHBr-CHBr-CH, Br ————» (III; n = 2) 


or NaOEt 
I NaNH, 


Ph‘CHO +, 2EtMeBr : _ SOCI,-C,H,N PO, LG 
HC=C-CH,-OH § Ph-CH(OH)-C=C-CH,;-OH ——————  Ph:CHCl-:C=C:CH,Cl 
Now that propargyl alcohol is fairly readily available (Eglinton, Jones, and Whiting, 
J., 1952, 2873) the second route is the more convenient. The yield was low, and in view of 
the instability of (III; = 2), its oxidative coupling to (1; ™ = 4) was effected without 
previous isolation by the oxygen-cuprous chloride method (Part XXXIV, J., 1952, 1998). 
Phenylbutadiyne was subsequently obtained pure as a low-melting solid; this was then 
coupled to (I; » = 4) by the action of cupric bromide on its Grignard derivative. 
Schlubach and Franzen’s method (loc. cit.) proceeded via phenylbutadiene tetra- 
bromide and the Grignard derivative of (III; = 2), coupled by means of cupric chloride. 
For the synthesis of (I; = 5 and 6) the use of the methods employed for (I; » = 3 
and 4) were contemplated, phenylpropargyl aldehyde being substituted for benzaldehyde. 
Condensation of the former with diacetylene gave a crystalline but very unstable 
glycol (IV), which however gave only dark tar in a preliminary experiment with phosphorus 
trichloride and pyridine [subsequently Schlubach and Franzen, Joc. ctt., described the 
conversion of (IV), obtained in the same way, into the corresponding dichloride, and of 
the latter without isolation into (I; » = 5)]. The use of (V), derived from the much more 
accessible «-bromocinnamaldehyde, was then explored; the glycol was readily obtained 
in good yield as a stable solid and on treatment with phosphorus trichloride or thionyl 
chloride in pyridine gave a crystalline dichloride (VI). This however did not yield a solid 
product on reaction with alkaline reagents, though the light-absorption properties of the 
Ph-C=C-CH(OH)-C=C:], (Ph-CH=CBr-CH (OH) -C=C"], [Ph-CH=CBr-CHCl-C=C:], 
(IV) (V) (VI) 
gummy products leave little doubt that both (I; = 5) and other polyacetylenic 


compounds, probably containing one or two «-bromostyryl groups, were present. This 
failure may well have been due rather to the unfavourable physical properties of the 
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sparingly soluble (VI) than to any inherent unsuitability of the methods; further work on 
the reaction was abandoned when Schlubach and Franzen described their quite 
satisfactory synthesis of the pentayne. 

Condensation of phenylpropargyl aldehyde with the Grignard derivative of propargy] 
alcohol led to intractable products, as was hardly surprising in view of the instability of 
acetylenic carbonyl compounds in the presence of bases, ¢.g., alkoxides. When «-bromo- 
cinnamaldehyde was employed, however, a crystalline glycol (VII) was obtained in 45%, 
yield. When (VII) was converted into the corresponding dichloride (isolated, analytically 
pure, in 65°% yield by chromatography) and the latter was treated with sodamide at —77°, 

Ph-CH=CBr-CH(OH)-C=C:CH,-OH (VII) 

NaNH, CuCl 
(VIII) Ph:CH=CBr-CHCl-C=C:-CH,Cl ———» Ph:C=C:C=C-C=CH (III; n = 3) —- (I; = 6) 
(IIL; = 3) was obtained. On the one occasion when this was isolated it exploded at 0° 
in the absence of air. Subsequently an ethereal extract of (III; m = 3) was evaporated 
at ca. —20° with the simultaneous addition of methanol, and oxidative coupling was 
effected directly in aqueous methanol after addition of cuprous and ammonium chlorides. 
Isolation of the product then gave (I; ~ = 6), in the surprisingly high yield of 30°% from 
the dichloride, as beautiful orange needles. In contrast to the dimethyl analogue 
described previously, it proved to be stable for many months in the solid state at —5°, even 
without the exclusion of light. It is indeed more stable than (I; = 4), which slowly 
becomes brown under these conditions, and satisfactory analytical and quantitative 
hydrogenation data were obtained. 

Attention was then directed to (I; 1 = 8), the highest polyacetylene of which a synthesis 
seemed practicable. Condensation of «-bromocinnamaldehyde and the Grignard reagent 
derived from penta-2 : 4-diyn-l-ol (Part XX XIII; /., 1952, 1993) gave the crystalline glycol 
Ph-CH—CBr-CH(OH)-C=C-C=C-CH,"OH which was converted into the corresponding 
dichloride, a liquid of low stability, and thence via phenyloctatetrayne (III; » = 4), which 
was handled entirely in dilute solution in the cold, into (I; = 8), obtained in about 0-5% 
overall yield from the dichloride as dark-red, photosensitive, and very unstable needles. 
Approximately correct analytical data were secured despite a tendency to explode on 
heating, and the ultra-violet light-absorption properties described below leave no doubt 
that the product was the essentially pure octayne. Even from the dilute ethyl acetate 
solution used for the spectrographic measurements black carbon-like material separated 
after a few hours. 

The hydrocarbons (I; = 2, 3, 4, and 6) in carbon tetrachloride solution displayed 
absorption at numerous infra-red frequencies characteristic of a phenyl group (vtz., 3070, 
1600, 1490, 1445, 920, and 680 cm.'). In addition the -C=C- stretching frequency at 
about 2200 cm."! was observed and this increased in intensity as increased, becoming the 
strongest band in the spectrum when » = 6, in which case it appeared as a doublet. Its 
variation with v is : 

(I; ” = 3) (I; n = 4) (I; # = 6) 


Frequency (mi?) sciisscsnassccent's 2% 2200 2205 2180, 2166 


The ultra-violet absorption spectra of all the diphenylpoly-ynes prepared are given in 
the Table and Fig. 1. Their relation to the spectra of the aliphatic polyacetylenes, shown 


Medium-intensity light-absorption maxima of diphenylpoly-ynes. 
A B Cc D 
Amax. (A) 10° € Amax. (A) 10° Amax. (A) UC Amex. (A) 10% 
3270 27:8 3060 31:0 2880 ; — — 
3580 20-2 3300 30-3 3120 23° =< oe 
3970 21-2 3670 34-0 3415 P 3180 27-3 
4600 8-75 4240 17-7 3920 . 3610 * 25 
t 5090 4-45 4660 9-6 4300 2: 3950 * 33 
* Inflexion. f Ethyl acetate solution: all other spectra were determined in ethanol. The 
substitution of ethyl acetate for ethanol had a negligible effect (10 A) on the positions of the absorption 
maxima of (I; » = 6). 
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in an earlier paper (Cook e¢ al., loc. cit.), is obvious. The medium-intensity bands (A—D 
have increased in intensity from « = ca. 200 to « = 5000—20,000 without losing their 


Fic. 1. Absorption spectra of diphenylpolyenes, Ph:[(C=C],°Ph. 
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fine structure, the spacing of which falls from ca. 2100 cm.“! where = 2 to ca. 1850 cm." 
where »= 8. The ultra-high-intensity bands are appreciably lower in intensity than 
those of the aliphatic poly-ynes and they no longer exhibit the familiar spacing at ca. 


[1954] Researches on Acetylenic Compounds. Part XLI. 151 


2100 cm.1. As in the aliphatic series, the intense bands increase in intensity as increases 
(although not as with the aliphatic compounds in proportion to m), while the medium- 
intensity bands become less intense. It thus seems justifiable to use the same letters to 
designate the medium-intensity bands in the two cases. 

When the square of the wave-length of the A band is plotted against m (cf. Lewis and 
Calvin, Chem. Reviews, 1939, 26, 237) a good approximation to a straight line is obtained for 
lower values of , a slight curvature downward becoming evident where » = 6 and 8 
(Fig. 2). This behaviour closely resembles that of the diphenyl- and other polyenes 
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@ Schlubach and Franzen, loc. cit. 
(determined in methanol). 


(Kuhn, Joc. cit.; Dewar, J., 1952, 3544). The first band of the high-intensity region 
(“ZL band’) is much more difficult to locate in the aromatic compounds; it appears to 
show a more appreciable deviation from the Lewis—Calvin equation. It is interesting to 
compare the slopes of the linear portions of the curves in the various cases : 


Dimethylpolyenes, 2-1 (Kuhn and Grundmann, Ber., 1938, 71, 442). 
Diphenylpolyenes, 2-0 (Hausser, Kuhn, and Smakula, Z. phys. Chem., 1935, 29, 384). 
Dimethylpoly-ynes (A), 3-0 (Cook, Jones, and Whiting, loc. cit.). 

Dimethylpoly-ynes (L), 1-25 (idem, loc. cit.). 

Diphenylpoly-ynes (A), 2-8. 

Diphenylpoly-ynes (L), ca. 1-5. 


In each case the unit is 10*A? per multiple bond. These values obviously summarise 
energy relations within conjugated systems of different types, of which any successful 
theoretical description must give an adequate explanation. 


EXPERIMENTAL 


The remarks as to general technique made by Cook e# al. (Part XXXIX, loc. cit.) at the 
beginning of the Experimental section apply to much of the work described below. 

1 : 6-Dichloro-1 : 6-diphenylhexa-2 : 4-diyne.—1 : 6-Diphenylhexa-2 : 4-diyne-1 : 6-diol 
(Armitage, Cook, Entwistle, Jones, and Whiting, /., 1952, 1998) (4-0 g.) in ether (100 c.c.) and 
pyridine (1-2 c.c.) was treated at —30° with phosphorus trichloride (1-5 c.c.) in ether (40 c.c.). 
Isolation of neutral fraction after treatment with an excess of water gave a semi-crystalline 
product which was best purified by being kept for 18 hr. in a desiccator on a porous tile, over 
light petroleum (b. p. 60—80°); the dark impurities deliquesced and were thus almost com- 
pletely eliminated, giving a powder (3-1 g.), m. p. 63—66°, which appeared to be sensitive to 
moisture and was used without further purification (Schlubach and Franzen, Annalen, 1951, 
572, 116, give m. p. 92° for one stereoisomer) (Found : Cl, 23-0. Calc. for C,,H,,Cl, : C, 23-8%). 

Diphenylhexatriyne (1; m= 3).—Powdered 1: 6-dichloro-1 : 6-diphenylhex-2 : 4-diyne 
(1-22 g.) was added with stirring to sodium ethoxide (from sodium, 0-25 g.) in dry ethanol 
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(30 c.c.) at 0°. After 30 mitt. the solution was allowed to warm to room temperature, water was 
added, and the product isolated with ether. The dark residue was adsorbed on alumina 
(80 g.) from light petroleum (b. p. 40—60°), and the first 800 c.c. of eluate yielded a fraction 
(530 mg.), m. p. 89—91°, which was recrystallised from light petroleum (b. p. 40—60°), then 
ethanol, giving straw-coloured prismatic needles of diphenylhexatriyne, m. p. 96° (Found: C, 
95-4; H, 4-95. Calc. forC,,H,): C, 95-5; H, 45%). Thecrystals became deeper in colour after 
a few hours at 20° but are stable indefinitely at 0° (Nakagawa ei? al., loc. cit., gives m. p. 94—95°). 

Repetition of the experiment at —20° gave a 33% yield of the pure hydrocarbon. With 
excess of sodamide in liquid ammonia only a 5% yield was obtained. 

Phenylbutadiyne (III; m = 2).—1-Phenylbutadiene was prepared in 85% yield from 
cinnamaldehyde by the method of Braude, Jones, and Stern (/., 1947, 1087). Bromination was 
effected in carbon tetrachloride and the product, recrystallised from light petroleum (b. p. 40— 
60°), formed needles, m. p. 132° (Found: C, 26-1; H, 2-6. Calc. for C,)H,)Br,: C, 26-7; H, 
2-25) (Rieber, Ber., 1903, 36, 1406, gives m. p. 76° and 151° for the two forms). Recrystallis- 
ation from the same solvent gave needles, m. p. 146°. 

The tetrabromide (15 g.; m. p. 132°) was added in portions and with stirring to sodamide 
(from sodium, 4 g.) in liquid ammonia (150 c.c.). After 2 hr. ether was added and the ammonia 
was allowed to evaporate. Isolation with ether and distillation gave phenylbutadiyne (0:8 g., 
19%; b. p. 45°/0-5 mm., nj 1-6230, m. p. ca. 0° (Found: C, 94:35; H, 5-85. C, 9H, requires 
C, 95-2; H, 48%). It discolours rapidly at room temperature but can be stored at —70°. 
(Nakagawa et al., loc. cit., gives b. p. 37—40°/0-04 mm., n$° 1-6232). 

1-Phenylbut-2-yne-1 : 4-diol—Ethylmagnesium bromide was prepared in ethereal solution 
from magnesium (10-6 g.) and ethyl bromide (58 g.). Benzene was added while the ether was 
distilled off until the vapour temperature reached 72°. The solution was cooled to room 
temperature, and a solution of propargyl alcohol (11-2 g.) in benzene (50 c.c.) was run in; a 
vigorous reaction ensued and the mixture was allowed to boil. After cooling to 20° the mixture 
was stirred for 1 hr., freshly-distilled benzaldehyde (21-2 g.) in benzene was added, and the 
pasty mass was stirred for a further 18 hr. Sulphuric acid (15%) was added with cooling and 
the product was isolated with benzene, from which it crystallised on evaporation. The diol 
(13-5 g., 40%) formed small rods, m. p. 86° (Found: C, 73-9; H, 6-1. C4gH,.O, requires 
C, 74:05; H, 62%). 

Diphenyloctatetrayne (I; n = 4).—(a) Phenylbutadiyne (1-25 g.) in ether (10 c.c.) was added 
to ethylmagnesium bromide (from Mg, 1-7 g.) inether. After 30 min.’ stirring the mixture was 
cooled to 0° and cupric bromide (4-1 g.) was added in portions with stirring. After a further 
2 hr., water was added and the product, isolated with ether, was adsorbed on alumina from light 
petroleum (b. p. 40—60°). Elution with the same solvent gave a yellow solid which on 
crystallisation from ethanol gave yellow prisms of diphenyloctatetrayne (0-59 g.), m. p. 109— 
110° (Found: C, 95-5; H, 4:35. C, H,) requires C, 96-0; H, 4:0%). This tetra-acetylene is 
less stable than diphenylhextriyne ; it discolours in an hour at 20° and after some months at 0°. 

(b) 1-Phenylbut-2-yne-1 : 4-diol (6-0 g.) in ether (50 c.c.), together with pyridine (6-3 g.), 
was treated with thionyl chloride (9-6 g.) during 20 min. with vigorous stirring, at <30°. After 
overnight stirring in nitrogen, isolation with ether gave an oil (6-5 g.) which was adsorbed from 
benzene on to alumina (200 g.). Elution with benzene and rechromatography gave a pale 
yellow oil (3-5 g.), n# 1-6240. 

Sodamide was prepared from sodium (1-5 g.) in liquid ammonia (100 c.c.), and the above 
dichloride was added with stirring, followed after 1 hr. by ammonium chloride (5 g.). Ether 
was added and the ammonia allowed to evaporate. The solution was washed with water and 
sodium hydrogen carbonate solution and dried. After evaporation to small bulk, alcohol 
(50 c.c.) was added before reducing the total volume to 25 c.c. 

This alcoholic solution was run into a solution of cuprous chloride (10 g.), ammonium 
chloride (16 g.) and concentrated hydrochloric acid (0-1 c.c.) in water (200 c.c.). A dark red 
mass separated. The mixture was shaken in oxygen until absorption ceased and the product 
was isolated with ether. Three crystallisations of the residue from aqueous ethanol gave 
diphenyloctatetrayne (0:5 g., 28%), m. p. 110° (slight decomp.) (Nakagawa et al., loc. cit., gives 
m. p. 115—116°; Schlubach and Franzen give m. p. 114°). 

2: 9-Dibromo-1 : 10-diphenyldeca-1 : 9-diene-4 : 6-diyne-3 : 8-diol (V).—A solution of ethyl- 
magnesium bromide was prepared from magnesium (5-3 g.). Diacetylene (ca. 5-5 g.; 
cf. Armitage, Jones, and Whiting, J., 1951, 44) was passed in by means of a stream of nitrogen 
which flowed over the surface of the liquid hydrocarbon, condensed in a calibrated tube, 
then through the ethereal solution of the Grignard reagent. After 1 hr. the butadiynylenedi- 
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magnesium dibromide had separated as a pasty mass. o-Bromocinnamaldehyde (42-2 g.) in 
benzene (150 c.c.) was added, and the mixture was stirred for 18 hr. Addition of water and 
tartaric acid, followed by isolation with ether, gave a crude product which partly crystallised. 
After recrystallisation from benzene the glycol (26 g., 55%) formed prisms, m. p. 154° (Found : 
C, 56-45; H, 3-65. C,.H,,O,Br, requires C, 55-9; H, 3:4%). 

2 : 9-Dibromo-3 : 8-dichloro-1 : 10-diphenyldeca-1 : 9-diene-4 : 6-diyne.—The above glycol 
(10-0 g.) in ether (50 c.c.) and pyridine (5-0 g.) was treated with thionyl chloride (7-0 g.), at 
25—30°. After 5 hr. ice-water was added, and the neutral fraction was isolated with ether. 
The resultant orange-yellow solid was dissolved in benzene and passed through alumina, to 
give, after evaporation, the essentially pure dichloride (6-5 g.) as a pale yellow solid. Recrystal- 
lisation from light petroleum (b. p. 80—100°) gave the tetrahalide as small prisms, m. p. 130— 
134°, possibly of a single stereoisomer (Found: C, 52-3; H, 3:2. C,,.H,,Br,Cl, requires C, 
51-9; H, 28%. Ina Carius determination, 1-25 mg. of mixed halides were formed per mg. ; 
the formula requires 1-30 mg.). 

2-Bromo-1-phenylhex-1-en-4-yne-3 : 6-diol.—A solution of ethylmagnesium bromide (from 
magnesium, 10-8 g.) in benzene was prepared as above. Propargyl alcohol (11-2 g.) in benzene 
(25 c.c.) was then added, the solvent being allowed to reflux. The mixture was stirred for 1 hr., 
a pasty solid separating. «-Bromocinnamaldehyde (42-2 g.) in benzene (400 c.c.) was added 
and the mixture was stirred for 18 hr. Isolation of the neutral fraction, following addition of 
3n-sulphuric acid, gave a syrup which was separated by chromatography on alumina into 
(a) recovered aldehyde (25-0 g.), eluted with benzene and recrystallised, and (b) the required 
glycol (22-4 g.), which was eluted with ether and then formed plates, m. p. 67—69°, from benzene 
(Found: C, 53-6; H, 4:25; Br, 30-4. C,,H,,O,Br requires C, 53-9; H, 4:15; Br, 30-0%). 

2-Bromo-3 : 6-dichloro-1-phenylhex-1-en-4-yne.—The above glycol (VII) (27 g.) in ether 
(150 c.c.) and pyridine (16 g.) was treated with thionyl chloride under nitrogen at 15—25° with 
mechanical stirring. After 18 hr. water was added and the product (25-5 g.) was isolated with 
ether and dissolved in benzene (100 c.c.). Adsorption on alumina and elution with benzene 
(ca. 500 c.c.) followed by evaporation below 20° gave a yellow oil (20 g., 60%), which after 
rechromatography had n}} 1-6225. It decomposed on attempted distillation at 10° mm. or 
storage, but appeared to be pure (Found: C, 47-3; H, 3-2. C,,H,BrCl, requires C, 47-4; H, 
3-0%). 

1 : 12-Diphenyldodecahexayne.—The foregoing dichloride (6-1 g.) was added dropwise with 
stirring to a suspension of sodamide, prepared from sodium (2-0 g.) in liquid ammonia (100 c.c.) 
after cooling to —77°. After 1 hr., ammonium chloride (8 g.) was added and most of the 
ammonia was allowed to evaporate after addition of ether. After being decanted from some 
black polymeric material, the solution was washed with sodium hydrogen carbonate solution 
and evaporated to 100 c.c. under reduced pressure. Ethanol (100 c.c.) was then added and 
the volume again reduced to 100 c.c. under reduced pressure, yielding a dark red solution 
containing phenylhexatriyne. This gave a precipitate with silver nitrate and ammoniacal 
cuprous chloride solutions; when, on a previous occasion, such a solution (ethereal) was 
evaporated, the product underwent deflagration at 0° in the absence of air when most of the 
solvent had been removed. 

The phenylhexatriyne solution was added to cuprous chloride (30 g.), ammonium chloride 
(48 g.), and concentrated hydrochloric acid (2 drops) in water (250 c.c.), and held at 10 mm. for 
a few minutes to remove the last traces of ether. The mixture was then shaken in oxygen until 
absorption ceased (30 min.) and extracted with ether (3 x 100c.c.). After washing with sodium 
hydrogen carbonate solution and drying (MgSO,), the solvent was removed under reduced 
pressure until the volume reached 50 c.c., and ethanol (200 c.c.) was added. After being set 
aside at 0° the crude hexayne (1-5 g.) was collected and recrystallised from ethyl acetate— 
ethanol (1: 5), to give long, golden-yellow needles (0-9 g., 30% from the dichloride) whose 
absorption spectrum was not altered by further crystallisation (they decomposed above 100° 
to a carbonaceous residue without melting) (Found: C, 96-8; H, 3-5. C,gsH,) requires C, 
96-6; H, 3-4%). 

The hexayne (46 mg.) absorbed 45 c.c. of hydrogen at 23°/763 mm., when shaken with 
platinum in ethyl acetate, corresponding to 12-1 mols. 

7-Bromo-8-phenyloct-7-en-2 : 4-diyne-1 : 6-diol (VIII).—To a solution of ethylmagnesium 
bromide, prepared from magnesium (7-8 g.) in ether, benzene was added with simultaneous 
evaporation of the ether until the boiling-point reached 70°. Penta-2 : 4-diyn-l-ol (Armitage, 
Jones, and Whiting, J., 1952, 1993) (12-0 g.) in benzene (100 c.c.) was added at 0°, and the 
mixture was stirred for 30 min. «-Bromocinnamaldehyde (31-5 g.) was added in benzene 
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(100 c.c.) at 0°, and the mixture was set aside for 18 hr., slowly reaching room temperature. 
After decomposition of the complex with 15% sulphuric acid isolation of the neutral fraction 
gave a dark, uncrystallisable syrup (40 g.) which was adsorbed from benzene on deactivated 
alumina (300 g.). After removal of all benzene-elutable material, elution with ether-methanol 
gave a solution which was evaporated to a syrup which crystallised on treatment with benzene 
and a little light petroleum. Recrystallisation gave the diol as prisms (15 g., 34%), m. p. 103°, 
unchanged on further crystallisation from benzene (Found: C, 57-5; H, 3-6. C,,H,,0,Br 
requires C, 57-8; H, 3-8%). 

2-Bromo-3 : 8-dichloro-1-phenyloct-1-en-4 : 6-diyne and 1: 16-Diphenylhexadecaoctayne (I; 
n == 8).—The above glycol (5-8 g.) in ether (30 c.c.) and pyridine (3-2 g.) was treated with 
thionyl chloride (4-8 g.) under nitrogen with mechanical stirring, at 20—25°. After 5 hr. at 
room temperature ice and water were added, and the aqueous phase extracted with ether. After 
washing with water and potassium hydrogen carbonate solution and drying (MgSQ,), the 
solvent was removed under reduced pressure and the residue (4:8 g.) was at once dissolved in 
benzene. The solution was passed through a column of alumina, which was eluted with 
benzene ; removal of the latter under reduced pressure gave the halide (3-8 g.) as an oil which 
darkened rapidly. It was dissolved in ether (25 c.c.) and added at once to a stirred suspension 
of sodamide, prepared from sodium (1-2 g.) in liquid ammonia (100 c.c.) in the presence of some 
solid ammonia. After 2 min. ammonium chloride (5 g.) was added and the ammonia was 
allowed to evaporate in the dark after addition of ether. The red solution thus obtained was 
separated from insoluble carbonaceous material, washed with N-sulphuric acid and then 
aqueous sodium hydrogen carbonate, and dried; the ether was removed under reduced pressure 
after addition of ethanol, giving finally a solution (30 c.c.) which was added directly to a mixture 
of cuprous chloride (20 g.), concentrated hydrochloric acid (1 drop), ammonium chloride (32 g.), 
and water (200 c.c.). After this had been shaken in an atmosphere of oxygen until absorption 
ceased, the green suspension was extracted with ethyl acetate. After washing with sodium 
hydrogen carbonate solution and brief drying (MgSO,), the extract was evaporated under 
reduced pressure, copper-coloured needles (ca. 50 mg.) separating (Found: C, 95-3; H, 2-85. 
C,,H,) requires C, 97-1; H, 2:9%). This hydrocarbon was extremely unstable, becoming 
black after a few hours at room temperature even in the dark. 


One of the authors (J. B. A.) acknowledges receipt of a maintenance grant from the 
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The Diels—Alder Reaction with Certain o-Quinones. 


By J. A. BARLTROopP and Joun A. D. JEFFREYS. 
[Reprint Order No. 4597.] 


The addition of cyclopentadiene to o-benzoquinone is described, and the 
structure of the adduct discussed; butadiene and furan failed to add to the 
quinone. The addition of cyclopentadiene and butadiene to tetrabromo-o- 
benzoquinone is described, and the results compared with those of Horner 
and Merz (Annalen, 1950, 570, 89). The addition of cyclopentadiene to 
4-acetamido-o-benzoquinone is described; butadiene did not react with this 
quinone. 


UnrTIL recently there was only one description of the behaviour of an o-benzoquinone in 
the Diels-Alder reaction (Smith and Hac, J. Amer. Chem. Soc., 1936, 58, 229). These 
workers used tetramethyl-o-benzoquinone, and obtained a 1 : 1 adduct with cyclopentadiene, 
to which tuey ascribed structure (I; R = Me). This work was repeated by Horner and 
Spietschka (Annalen, 1953, 579, 159), and the adduct is now known to be (II; R = Me). 
In addition, the behaviour of tetrachloro- and tetrabromo-o-benzoquinone has been 
described (Horner and Merz, ibid., 1950, 570, 89), and these quinones have been shown 
to react with cyclopentadiene to give two types of compound (II; R = Clor Br), and (III; 
R = Cl or Br). 
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Intending to synthesise compounds of type (IV), the authors examined the behaviour 
of three o-benzoquinones in the Diels-Alder reaction. Although in one case a model 
experiment with cyclopentadiene succeeded, in no case was such a compound obtained 
from butadiene. This work was therefore broken off some years ago, but unforseen 
circumstances have delayed publication. This paper is an amplification of results already 
described (Barltrop and Jeffreys, Experientia, 1951, 7, 290). 
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Initially, o-benzoquinone was treated in ethereal solution with a large excess of cyclo- 
pentadiene. However, the only product isolated contained two molecules of the quinone 
united with one of cyclopentadiene. This substance crystallised in pale yellow plates 
which gave no colour with ethanolic ferric chloride but, after being boiled for a short time 
with aqueous-ethanolic sodium acetate, gave the colour reactions characteristic of a catechol 
derivative. In view of this, and its ultra-violet absorption spectrum, the compound is 
believed to be either (V) or (VI). 
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In the Diels—Alder reaction, one molecule of o-benzoquinone could react with cyclo- 
pentadiene to give three systems: (II; R = H) and (III; R = H), by analogy with the 
corresponding tetrabromo-compound, and (I; R = H) by analogy with 8-naphthaquinone 
(see also below). Of these three systems, (II; R = Me or Cl) has only very feeble absorp- 
tion in the ultra-violet (Horner and Spietschka, loc. cit.), and veratrole, which system 
(III; R =H) would be expected to resemble, has only very weak absorption at wave- 
lengths longer than 3000 A (Wolf and Herold, Z. physikal. Chem., 1931, 18, B, 201), s 
that some other system must also be present. In addition, neither ‘of the two systems ne ; 
R = H) and (III; R = H) could be responsible for the production of a colour with ferric 
chloride, since system (III) contains no hydroxyl groups, and enolisation of system (IT; 
R = H) would violate Bredt’s rule. Thus, the first stage of the reaction would appear 
to be the addition of the diene to the quinone to give (I; R = H), followed by addition 
of a second molecule of the quinone to the isolated double bond in the diene residue; the 
boiling with sodium acetate rearranged this adduct to the phenolic isomer, either (VII) 

r (VIII). The small quantity of the adduct available prevented further examination. 
No adduct was obtained from o-benzoquinone, either with butadiene, or with furan. 
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Attention was then turned to tetrabromo-o-benzoquinone, which was caused to react 
with cyclopentadiene under conditions slightly different from those used by Horner and 
Merz (loc. cit.). The reaction yielded three products: (i) the ether (III; R = Br), which 
was very inert, but could be reduced to a dihydro-derivative; (ii) the diketone (II; 
R = Br), which crystallised from the reaction mixture and was characterised by the 
preparation of a quinoxaline. The ether, and the hydrate of the diketone, were described 
by Horner and Merz. The third compound (iii), formed in less than 0-1% yield, was not 
found by these workers; it showed absorption in the ultra-violet which was much more 
intense that of the bridged-ring diketone and occurred at longer wave-lengths, indicating 
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a higher degree of conjugation. Unlike the diketone (II; R = Br), this adduct did not 
form a hydrate, and possessed reactive bromine. In view of its absorption spectrum, and 
its reactivity, it is considered to be (I; R= Br). The addition of butadiene to this 
quinone in ethereal solution gave only one product. A compound of the same empirical 
formula, but of a different melting point, was obtained by Horner and Merz (loc. ctt.). 
Because of the small yield of this adduct, experiments with tetrabromo-o-benzoquinone 
were discontinued. 

Of the known o-quinones (see “‘ Organic Reactions,’’ John Wiley and Sons, Inc., New 
York, 1948, Vol. IV, p. 316), 4-acetamido-o-benzoquinone is fairly stable; further, adducts 
from it could, in principle, be converted into naphthalene derivatives of the required type 
by successive hydrolysis, diazotisation, and reduction. 

The quinone had previously been prepared by Kehrmann and Hoehn (Helv. Chim. 
Acta, 1925, 8, 218), but in view of the oxidation, and consequent loss of material accompany- 
ing the alkaline hydrolysis, of the intermediate 4-acetamidocatechol diacetate, an altern- 
ative synthesis was used. Catechol was converted into the zsopropylidene ether of its 
4-amino-derivative (Sloof, Rec. Trav. chim., 1935, 54, 995), which was converted into the 


I, Adduct from o-benzoquinone and 
cyclopentadiene. II, The diketone 
(11; R=Br). JII, The diketone 
(I; R=Br). IV, Veratrole (Wolf 
and Herold, loc. cit.). V, The di- 
ketone (1X). VI, Alkali-rearranged 
product from (IX). Curves II and 
III were measured in chloroform, 
the others in methanol. 
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N-acetyl compound. Acid hydrolysis gave 4-acetamidocatechol, which was not isolated 
but was oxidised im situ to the required quinone. (The quinone, prepared either by 
Kehrmann and Hoehn’s or by our method, gave analytical values for carbon which were 
ca. 1% low: in the original paper describing this quinone only a nitrogen analysis is given.) 
It was not possible to recrystallise it. 
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The quinone reacted very readily with cyclopentadiene to give a 40% yield of a yellow 
adduct, assumed to be (IX). Attempts to form either a quinoxaline or a phenylhydrazone 
from this compound gave only tars; similarly, an aitempt to convert it into the corre- 
sponding catechol by treatment with hydrogen bromide in glacial acetic acid (Diels and 
Alder, Ber., 1929, 62, 2337) caused complete decomposition. However, treatment with 
very dilute sodium hydroxide rearranged the initial adduct to a colourless material, which 
gave colour reactions characteristic of a catechol derivative. This is considered to be 
(X). Similar rearrangements of Diels—Alder adducts from #-benzoquinone have been 
carried out with concentrated alkali (idem, loc. cit.). 
Although cyclopentadiene reacted very readily with this quinone, butadiene could not 
be induced to react, and the only products isolated were ill-defined materials derived only 
from the starting quinone. 
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EXPERIMENTAL 


Reaction of o-Benzoquinone with cycloPentadiene.—To a filtered solution of o-benzoquinone, 
prepared from catechol (2-5 g.) (Willstatter and Pfannenstiel, Ber., 1904, 37, 4744), a large 
excess of freshly distilled cyclopentadiene was added, and the mixture set aside at room tem- 
perature overnight. The initially deep red solution faded in about } hr. to yellow. Next day 
the solution was concentrated under reduced pressure, and ligroin (b. p. 40—60°) added until 
the initially granular precipitate began to appear gummy. After a few hours, the solid was 
collected and washed with ether to remove adhering tar. In each run the yield was only a 
few mg. The adduct was best recrystallised from acetonitrile or methyl propyl] ketone. From 
the latter it formed pale yellow plates, m. p. 129—136°, unchanged by recrystallisation (Found : 
C, 72-3, 72-5; H, 4:7, 4-9. Cj ,,H,,O, requires C, 72-3; H, 5-0%). 

In ethanolic solution, the initial adduct gave no colour with ferric chloride, and gave a pale 
yellow colour, after about 20 min., with a solution of ammonium molybdate in dilute acetic 
acid. After the adduct had been boiled for } min. with aqueous-ethanolic sodium acetate, 
the addition of ferric chloride solution gave a dark blue colour, which became pink on addition 
of ammonia and gave a transitory green colour on addition of acid; with an aqueous-acetic 
acid solution of ammonium molybdate it instantly gave a deep yellow colour. The last reaction 
is characteristic of phenols with o-hydroxyl groups (Quastel, Analyst, 1931, 56, 311). 

Attempts to add butadiene or furan to this quinone gave only tar. 

Addition of cycloPentadiene to Tetrabromo-o-benzoquinone.—To the quinone (26 g.), in dry 
ether (350 c.c.), freshly distilled cyclopentadiene (5 c.c.) was added, and the mixture left at room 
temperature. The deep red solution faded to yellow in about } hr., and brown crystals (A) 
(8 g.) were deposited. The mother-liquor was decanted and concentrated to one-sixth of its 
volume. Pale yellow crystals (8 g.) were deposited, and a few mg. of lemon-yellow crystals 
(B) separated when the filtered solution was kept overnight in the refrigerator. The mother- 
liquor was again concentrated and, when kept overnight in the refrigerator, deposited a further 
quantity (2-5 g.) of orange crystals. The mother-liquor from this crystallisation contained tar. 

Crop (A) was almost pure (II; R = Br), deposited quantitatively. Recrystallisation of 
this material from dry benzene gave deep yellow crystals of 4: 5: 6: 7-tetrabromo-4 : 7-oxalyl- 
indene, m. p. 206° (decomp.; preheated bath) (Found: C, 27-6; H, 1:3; Br, 65-8%; M, 
517. C,,H,O,Br, requires C, 27-0; H, 1-2; Br, 65-3%; M, 490). This readily picked up water 
from any solvent to give a colourless hydrate which, unlike the parent material, was sparingly 
soluble in benzene. It was in this form that the adduct was isolated by Horner and Merz (loc. 
cit.), who did not describe the parent diketone. The hydrate began to lose water below 40°; 
its solution in ether was colourless at room temperature, but on being boiled under reflux it 
became yellow, the colour disappearing on cooling. The diketone failed to give a precipitate 
with ethanolic silver nitrate solution and did not liberate iodine from acidified potassium iodide 
solution. 

Crop (B) was almost pure 3:4: 9: 10-tetrabromo-5: 8: 9: 10-tetrahydro-5 : 8-methylene- 
1 : 2-naphthaquinone (1; R = Br); a further quantity was obtained by recrystallisation of the 
other fractions, the total yield being about 20 mg. Crystallised from ether, it forms lemon- 
yellow tablets, m. p. 140°, resolidifies and remelts at 187° (decomp.), undepressed on admixture 
with (II; R= Br) (Found: C, 27:3; H, 1-1; Br, 63-0. C,,H,O,Br, requires C, 27-0; H, 
1-2; Br, 65:3%). Owing to the small amount available, the molecular weight has not been 
determined. The substance did not form a hydrate. An ethanolic solution of this material 
gave an immediate precipitate with ethanolic silver nitrate and liberated iodine from acidified 
potassium iodide solution. 

Recrystallisation of the residues, first from ether, then from ethanol, gave (III; R = Br) 
as needles (9 g.), m. p. 123°; crystallised from benzene, it formed massive rhombs, m. p. ca. 
96°, which effloresced in air, losing benzene of crystallisation (Found: C, 27-1; H, 1-1; Br, 
62:2%; M, 493. Calc. for C,,H,O,Br,: C, 27-0; H, 1:2; Br, 65-3%; M, 490). The com- 
pound did not react with o-phenylenediamine in glacial acetic acid or with phenylhydrazine. 
It gave no colour with ferric chloride, either aqueous or ethanolic, and did not dissolve in alkali. 
Dissolved in methanol, the compound had absorption maxima at 2250 and 2800 A (log « 4-72 
and 3-39 respectively). 

Preparation of the Quinoxaline from (II; R = Br).—The diketone (1-95 g.) was dissolved 
in hot acetic acid (50 c.c.), a solution of o-phenylenediamine (0-25 g.) in acetic acid (5 c.c.) added, 
and the mixture kept for 30 min. at 100°. The crystalline deposit was recrystallised from glacial 
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acetic acid. The quinoxaline formed pale grey needles, m. p. 215° (decomp.) (Found: C, 
36-8; H, 1-9; N, 4:6. Calc. for C,,H,)N,Br,: C, 36-3; H, 1-8; N, 5-0%). 

Reduction of (111; R = Br).—The compound (2-5 g.), dissolved in ether (250 c.c.), was 
shaken with Raney nickel in presence of hydrogen at one atm. The rate of reduction slowed 
when one equiv. of hydrogen had been taken up, and the reduction was stopped when a slight 
excess had been absorbed. After filtration from the catalyst, the solution was concentrated to 
15 c.c., and the solid (1-65 g.) was recrystallised from ethanol. 5:6: 7: 8-Tetrabromo-2: 3- 
dihydrocyclopenta[b]-1 : 4-benzodioxan (nomenclature: Ring Index No. 1755) formed needles, 
m. p. 140° (Found: C, 27-0; H, 1-8; Br, 65-3. C,,H,O,Br, requires C, 26-9; H, 1-6; Br, 
65-0%). 

Addition of Butadiene to Tetrabromo-o-benzoquinone.—Butadiene (0-9 c.c.; liquid) was 
added to a suspension of tetrabromo-o-benzoquinone (4-2 g.) in dry ether (25 c.c.), and the 
mixture kept at 100° in a sealed tube. After 1 hr. the quinone had disappeared, and the liquid 
had become yellow, depositing about 1 mg. of red needles. Evaporation of the filtered solution 
gave only amorphous material which, on chromatography in benzene over alumina, gave a 
trace of material crystallising in rhombic plates. Addition of methanol to the first runnings 
from the column caused the separation of colourless needles. After recrystallisation from 
methanol, the substance had m. p. 129—130° (Found: C, 31-7; H, 2-5; Br, 59-8. Calc. for 
C,,H,,.0O,Br,: C, 31-6; H, 2:3; Br, 60-1%). Horner and Merz (loc. cit.) describe a compound 
of the same formula, but with m. p. 138°. No ketonic material could be isolated from the 
products of this reaction. 

Preparation of 4-Acetamidocatechol isoPropylidene Ether —4-Aminocatechol isopropylidene 
ether (Sloof, Rec. Trav. chim., 1935, 54, 995) (5 c.c.), suspended in water, was shaken with 
acetic anhydride (5c.c.). The amide (8 g.) was collected, washed with water, and recrystallised, 
best from dibutyl ether, from which it separated as massive prisms, m. p. 107° (Found: C, 
63-6; H, 6-2; N, 6-8. C,,H,,;0,;N requires C, 63-7; H, 6-3; N, 6-8%). The compound was 
insoluble in ligroin, sparingly soluble in carbon tetrachloride and water, and very soluble in 
the other common solvents. From water and aqueous ethanol, it was deposited as an oil. 

Preparation of 4-Acetamido-o-benzoquinone.—The foregoing amide (2 g.) was dissolved in 
concentrated sulphuric acid (3 c.c.), and the solution cooled and poured into water (40 c.c.). 
This clear solution was cooled in ice, and a solution of sodium dichromate (1 g.) in water (5 c.c.) 
added. The liquid instantly became dark red and soon deposited scarlet needles. After 
2 min. the quinone (0-9 g., 55%) was collected, washed with a little ice-water, and dried ix 
vacuo (Found: C, 57-1, 57-3; H, 4:2, 4.4; N, 8-3. Calc. for C,H,0O,N: C, 58-2; H, 4-2; N, 
8-5. Found, for a sample of the quinone prepared by Kehrmann and Hoehn’s method: C, 
57-2; H, 4:3%). 

Addition of cycloPentadiene to 4-A cetamido-o-benzoquinone.—To a suspension of the quinone 
(0-5 g.) in acetone (15 c.c.), freshly distilled cyclopentadiene (0-3 c.c.) in acetone (5 c.c.) was 
added. On warming to about 35° the quinone dissolved, and the solution became brown, 
depositing some tar. After 20 min. at room temperature, the mixture was kept overnight in 
the refrigerator. The 4-acetamido-5: 8:9: 10-tetrahydro-5 : 8-methylene-1 : 2-naphthaquinone 
(IX) (0-27 g., 40%) was collected and washed with acetone (5 c.c.). Concentration of the 
filtrate and washings gave a further 0-1 g. of crude product. The compound was purified by 
continuous extraction (Soxhlet) with acetone, the tar produced in the reaction being undissolved, 
and the diketone crystallising in the lower vessel. Two repetitions of the procedure gave a 
pure product. 

From acetone, the adduct appeared as massive yellow rhombic prisms, m. p. ca. 145° with 
evolution of cyclopentadiene (Found: C, 67-6; H, 5-5; N, 6-0. C,,;H,,;0,N requires C, 67-5; 
H, 5-7; N, 6-1%). The compound was also prepared by suspending the quinone in excess of 
cyclopentadiene; on addition of a few drops of ethanol, the mixture became hot and almost 
solid. The product was worked up as described above. Treatment of the diketone, dissolved 
in ethanol, with phenylhydrazine produced an intense yellow colour, but only a gum was 
isolated. Similarly, attempts to prepare a quinoxaline, either in glacial acetic acid, or by 
heating the reactants together, failed. 

Attempts to add butadiene in ethanol at 56° gave only quinone decomposition products. 

Conversion of the Diketone (IX) into the Phenol (X).—To the adduct (IX) (0-6 g.), dissolved 
in warm ethanol (40 c.c.), sodium hydroxide solution (2 drops of 10%) was added. The solution 
lost its yellow colour in a few seconds; warming was continued till a brown colour was just 
visible, then 2n-hydrochloric acid (4 drops) was added. The solution was concentrated almost 
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to dryness and set aside. 4-Acetamido-5 : 8-dihydvo-5 : 8-methylenenaphthalene-1 : 2-diol (X) 
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(0-4 g.) was collected, washed with ether, and recrystallised from ethyl acetate as rhombic 
prisms, m. p. 200° (decomp., but without evolution of cyclopentadiene) (Found: C, 67-1; H, 
5-5; N, 5-8. C,3H,3;03,N requires C, 67-5; H, 5-7; N, 6-1%). In ethanol the compound gave 
a green colour with ferric chloride, rapidly becoming red; if alkali was present, the addition 
of ferric chloride gave a purple colour. In dilute acetic acid, the compound gave a deep yellow 
colour with ammonium molybdate. 

Addition of a drop of concentrated hydrobromic acid to a solution of the diketone (IX) in 
glacial acetic acid (cf. Diels and Alder, Joc. cit.) caused the solution to change from pale yellow 
to intense purple; only tar was isolated. 


The authors thank the Department of Scientific and Industrial Research for a grant to 
one of them (J. A. D. J.). 
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Curare and Related Topics. Part I. A Preliminary Examination 
of Chondrodendron limaciifolium. 


By J. A. BARLTROP and JoHN A. D. JEFFREYS. 
[Reprint Order No. 4566.] 


Chondrodendron limaciifolium is a constituent of Tecuna and Chazuta 
curares, but, although containing highly toxic materials, the plant is known 
not to possess curare-active alkaloids (Folkers and Unna, Arch. Int. 
Pharmakodyn., 1939, 61, 372). It is shown that the dried wood contains about 
5% of basic material, most of which is amorphous. isoChondrodendrine 
has been isolated, together with two new, non-quaternary bases. 1so- 
Chondrodendrine dimethy] ether is absent. 

The ferric chloride reactions of the alkaloids are discussed, and related to the 
alkaloids’ structures. 


Chondrodendron limaciifolium is a plant used by certain South American Indians in the 
preparation of curare. Thus it is an ingredient of Tecuna curare (Krukoff and Smith, 
Bull. Torrey Bot. Club, 1937, 64, 401), and of Chazuta curare (Folkers and Unna, Arch. 
Int. Pharmacodyn., 1939, 61, 370). It was probably this plant which von Spix collected 
under the name “ urari-sipo,” an ingredient of Tecuna curare, and which Martius identified 
as Cocculus amazonum ; also, it was probably this plant which Jobert collected as an 
ingredient of Tecuna curare, and which Schwacke identified as Anomospermum grandtfolium 
(Krukoff and Moldenke, Brittonia, 1938, 3, 1). Since the Tecunas pack their curare in 
clay pots (Krukoff and Smith, Joc. cit.), Folkers and Unna (loc. cit.) suggested that this 
plant might be the source of the alkaloids protocuridine and neoprotocuridine, isolated by 
King (J., 1937, 1472) from a pot curare of unknown origin. Examination of Ch. limacit- 
folium (Folkers, J]. Amer. Pharm. Assoc., 1938, 27, 689; Folkers and Unna, Joc. cit.) showed 
that extracts of the plant were very toxic, but did not produce paralysis. 

Dr. H. King of the National Institute for Medical Research at Mill Hill very kindly 
passed 25 kg. of this wood to us, and it was hoped to isolate the alkaloids from the wood 
and compare them with those isolated from pot curare. Unfortunately, comparison proved 
impossible, as all the specimens isolated by Boehm (Abh. sachs. Ges. Akad. Wiss., Math. 
Phys. K1., 1898, 24, 22) were lost in an air-raid on Leipzig (Prof. Hauschild, personal 
communication), and of those isolated by King (loc. cit.), only 1 mg. of protocuridine 
hydrochloride is available (Dr. J. Walker, personal communication). No direct comparison 
of Boehm’s and King’s protocuridines has been reported. 

After a number of preliminary experiments, two extractions were made, one with 
tartaric acid solution as solvent, the other with methanol. Though quicker, the use of 
methanol proved less efficient, possibly owing to a tendency for the alkaloids to crystallise 
out in the wood. The approximate overall yields in the two extractions were: with 
tartaric acid, 5-8% ; with methanol, 4-1%. In each case, the crude alkaloids were separated 
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into a quaternary and a non-quaternary fraction by neutralising an acid solution with 
sodium hydrogen carbonate, filtering, and extracting the filtrate with chloroform. The 
aqueous phase then contained the quaternary bases. The non-quaternary bases were then 
divided into a chloroform-soluble and an insoluble portion. The chloroform-soluble 
material was taken up in acid, and fractionally liberated to chloroform by addition of known 
amounts of standard sodium hydrogen carbonate solution (cf. King, J., 1940, 737; 1941, 
331; 1948, 1945). The chloroform-insoluble residue was set aside. 

The first extraction yielded some material which was extracted by chloroform from a 
solution acid to Congo-red with hydrochloric acid. It has not yet been closely examined. 
In addition, crystalline material appeared in the later, more basic fractions. These crude, 
crystalline fractions all had the same properties and could be separated into csochondroden- 
drine and a new, sparingly soluble base. In this paper the latter will be known as base A. 
The extraction with methanol gave isochondrodendrine and base A, together with a small 
quantity of a weaker, crystalline base (base B). 

Although the non-phenolic alkaloids were chromatographed in a search for ‘sochondro- 
dendrine dimethyl ether (cf. Dutcher, J. Amer. Chem. Soc., 1946, 68, 419), this base was not 
found. 

Base A was insoluble in the common organic solvents, with the exceptions of pyridine 
and of chloroform containing about 10% of methanol. From aqueous pyridine, it formed 
plates, m. p. 270—300° (decomp.), and analyses indicated the formula C,H ,0,N.(OMe)». 
Its specific rotation in 0-1N-sulphuric acid was too low for accurate measurement. Like 
isochondrodendrine, the free base gave a weak purple colour with ferric chloride, becoming 
green with excess, and a positive Millon reaction. Base A resembles King’s protocuridine 
(King, J., 1937, 1472), but differs from it in yielding an insoluble hydrochloride. Base A 
can readily be recognised by the two forms of its sulphate (see Plate). 

Base A and zsochondrodendrine, although isomeric and occurring in the same basic 
fractions, seem to differ slightly in constitution. Thus, zsochondrodendrine, and its 
sulphate become brown on storage, while base A and its sulphate stay white. 

As base A and tsochondrodendrine were not separable by fractional basification and are 
isomeric, it is possible that if base A occurs in other Chondrodendron species, it may have 
been overlooked. There is some evidence in support of this view. King (J., 1940, 737) 
remarked that, unless repeatedly recrystallised, tsochondrodenrdine sulphate had a low 
specific rotation; also, that the hydrochloride may separate as needles, instead of the usual 
hexagonal plates. Further, there is Faltis’s peculiar statement (Sttzungsber. Akad. Wiss. 
Wien, 1912, 121, 525) that he obtained both optical isomers and the racemate by repeated 
evaporation of a solution of zsochondrodendrine sulphate. He also reported that part of 
his alkaloid was less soluble in chloroform than the rest. Now laudanosine (I), which has 


MeO, * ( ) 
MeO\ ZA\_NMe 


\ AO 
Med OH 


Mets ( 


a structure similar to either half of isochondrodendrine (II), cannot be racemised (Spath 
and Burger, 1b7d., 1926, 185, 691), and there seems no reason why tsochondrodendrine should 
be unusually easy to racemise. All the above effects could be due to the presence of base A, 
whose specific rotation is much less than that of zsochondrodendrine, which is very insoluble 
in the common solvents and gives a hydrochloride as minute elongated crystals. 

The low basicity of alkaloid B means that, of the well-characterised alkaloids, it could 
be only chondrofoline, curine, or, much less probably, chondrocurine. (For the order 
of these alkaloids’ basicities see King, J., 1940, 737; 1948, 1945.) It cannot be 1so- 
chondrodendrine dimethy] ether as it is phenolic. It melts 100° higher than chondrofoline, 
and, unlike the latter, gives a positive Millon reaction. Base B’s melting point is too high 
for it to be curine, and its specific rotation [«]? +-31-1° (c, 0-5 in CHCI,) is too low for it to 


Base A sulphate. 


Above : the massive form, from 0-1N-sulphuric acid. 
Below : from 2N-sulphuric acid. 
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be either curine or chondrocurine. In addition, its empirical formula, C,,H,,0;N,(OMe)s, 
is different from those of the alkaloids mentioned above. 

The quaternary alkaloids were converted into their reineckates, and, dissolved in 
acetone, were chromatographed over alumina. A complex system of bands developed, and 
two of these moved rapidly down the column. The bases were isolated as their chlorides, 
but have not been studied. 

At this stage the work had to be stopped; it is intended to resume it as soon as possible. 

The Structures of the New Bases.—Scholtz (Arch. Pharm., 1912, 252, 513) found that 
tsochondrodendrine gave a green colour with ferric chloride, which became red, then 
green on heating; Faltis (Sitzungsber. Akad. Wiss. Wien, 1912, 121, 525) reported that the 
alkaloid gave a green colour with this reagent, while King (J., 1940, 737) said that it gave 
no colour. Scholtz’s findings seem the most complete, and suggest that the molecule 
contains the group (I[I), together with a basic centre. 

Thus catechol, on treatment with ferric chloride, gives an emerald-green colour, which 
becomes deep purpie on addition of a base. Guaiacol behaves similarly, though the colours 
are fainter. 

If ferric chloride is added to a solution containing a base and guaiacol, the initial colour 
produced is purple, which on addition of excess of ferric chloride becomes green. Thus, 
guaiacol and triethylamine, dissolved together in methanol, gave this sequence of colours ; 
so did curine or tsochondrodendrine. However, owing to the deep colour of a methanolic 
solution of ferric chloride, the relatively pale colour of the green compound, and the 
necessarily low concentration of the alkaloid, the second stage was easily missed, and if a 
large excess of ferric chloride was added the alkaloids appeared to give no colour. 
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Because of the small solubility of these alkaloids in methanol, other solvents were in- 
vestigated, and it was found that both isochondrodendrine and base A were readily soluble 
in chloroform containing about 10° of methanol. In this solvent a mixture of guaiacol 
with triethylamine gave the same colour reactions as in methanol alone ; 7sochondrodendrine 
or base A gave a pink colour with ferric chloride, becoming olive green with excess. Curine 
and chondrocurine gave similar reactions, but the colours were very much more intense 
than those shown by zsochondrodendrine and base A. 

Curine (IVa) and chondrocurine (IV) contain group (III), but ¢sochondrodendrine (IT) 
does not. Since neither base A nor base B gives an intense colour with ferric chloride, it 
is probable that neither contains a phenolic nucleus bearing only two oxygen atoms. 
The positive Millon reaction shown by these two alkaloids indicates that in each there 
is a free hydroxyl group with the o- and the f-positions blocked, but the m-position free 
(King, doc. cit.). Analysis shows that base B is a secondary amine of the bisbenzyl- 
isoquinoline series, and base A is assumed to be a bisbenzylisoquinoline because of its 
insolubility. 

EXPERIMENTAL 

As in the experience of earlier workers in this field, analyses were frequently erratic, 
particularly for carbon. 

After preliminary experiments, two extractions were made. 

(a) The wood (Krukoff #7578) was disintegrated in a mill, and the powder produced (1095 x.) 
put in a carboy with 1% aqueous tartaric acid (7 1.). The vessel was corked, and rotated on 
rollers for about 24 hr., then emptied, and the liquid spun off in a large basket centrifuge. The 
residue was recycled till the extract was pale and gave only a faint turbidity with Meyer’s 
reagent. The liquor (ca. 25 1.) was then evaporated slowly (because of vigorous frothing) on a 
water-bath, under reduced pressure, without a gas leak, to about 3100c.c. In the first runs the 
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concentrate was treated with basic lead acetate until no further precipitate or turbidity was 
produced. It was found that precipitation was complete while the solution was still acid to 
litmus, and in later experiments neutral lead acetate was used. The solid was collected, washed 
with distilled water, and rejected. The liquor was treated with hydrogen sulphide, and then 
digested on a water-bath for about 30 min. to coagulate the colloidal lead sulphide,which was 
then removed by centrifuging. At this stage the originally dark extract had become sherry- 
coloured, with a slight green fluorescence. It was further concentrated to about 1200 c.c., sodium 
hydrogen carbonate solution was added till no further precipitation occurred, and the bright 
yellow powder (P) that separated was collected and dried im vacuo. If the filter-flask contained 
ether, so that air was excluded from the filtrate, a clear orange liquid was obtained, which 
could be preserved unchanged if protected from air. If ether was not present, or was removed, 
it was impossible to obtain a clear filtrate as yellow flocks separated (cf. Boehm, Joc. cit.). 
These flocks thus seem to be the result of oxidation, rather than slow crystallisation. 

The filtrate was extracted with chloroform, which removed 13-3 g. of alkaloids (Q). The 
dried precipitate P weighed 41-5g.; the mother-liquor from this precipitation occupied 2570 
c.c., and 1000 c.c. of this, after acidification with dilute hydrochloric acid, gave 5-0 g. of 
mercurichlorides on treatment with mercuric chloride solution. On the assumption that the 
mercurichlorides have the formula C,;,H,;,0,N,,HgCl,, the total yield of alkaloid was 62-9 g. 
(5:75%). Some (570 c.c.) of the same mother-liquor was treated with excess of reinecke salt 
solution, and the precipitate collected. The treatment of this precipitate is described later. 
The supernatant liquid was discarded. 

The dried alkaloidal precipitate was continuously extracted (Soxhlet) with chloroform; 
as the more soluble material was removed, the residue changed from a yellow powder to a brittle 
brown resin, which became very viscous inside the extractor. At intervals this material was 
removed, reground, and mixed with glass beads, but on re-extraction the matter rapidly became 
non-porous again. Thesoluble material (25-7 g.) obtained in this extraction, combined with the 
product Q extracted by chloroform, was suspended in methanol (100 c.c.) and treated with 
0-87N-hydrochloric acid (100 c.c.) and water (500 c.c.). The amount of acid added was an excess, 
but the exact amount was difficult to estimate as the darkness of the solution precluded the use 
of an internal indicator and obscured the colour of test papers. The alkaloids were then 
divided into 20 fractions, by addition of measured amounts of sodium hydrogen carbonate 
solution and extraction with chloroform (cf. King, J., 1940, 737; 1948, 1945). Fractions 1, 2, 3, 
and 16—20, after removal of the chloroform, deposited crystalline material on treatment with 
methanol. The data for these fractions are : 

BOs ins sa v's b nae teasGaiivous vorwhhase 2 16 17 18 19 20 

Wt. (mg.) 340 188 292 774 551 131 

[a]p (in 0-1N-H,SO,) +207° +88° +87° +98° 70° +31° 
There was insufficient material in fraction 3 for collection. 

As material of medium basicity—fractions in which non-phenolic alkaloids would be ex- 
pected—did not crystallise, all the non-crystalline material was combined, dissolved in sodium 
hydroxide solution, and extracted with chloroform. Evaporation of the chloroform gave the 
non-phenolic alkaloids. These (ca. 700 mg.) were chromatographed in benzene onalumina. Most 
of the material was strongly adsorbed at the top of the column, but a band moved slowly down, 
which gave a pale yellow residue (181 mg.) on isolation. This failed to crystallise on treatment 
with methanol, and an attempt to sublime it at 200°/0-05 mm. caused complete decomposition. 

Fractions 16—19 of the crystalline material were then boiled separately with methanol 
(ca. 21./g.), and, after cooling, the insoluble material was collected ; the filtrate was concentrated, 
and the crystals that separated were collected. In this way each fraction was divided into two 
portions, a material insoluble in methanol (base A), and a material (tsochondrodendrine) which 
could be recrystallised from that solvent. (Fraction 18 gave three crops of material soluble in 
mathanol.) All members of each series gave a positive Millon reaction and a purple colour with 
ferric chloride, becoming green with excess. Details were : 

Soluble series (isochondrodendrine). 
ee pon sanupleeiin 17 18(a) 18(b) 18(c) 


M. p. (decomp.) 283° 291° 280° 286° 
(«Jp (in 0-1N-H,SO,) 4+135° +1612 +157° +4149° 


Insoluble series (base A). 
TUE... Sesseucssnteesitesmasagsstunsunbuniak 16 17 18 19 
Bh. Pe (GROUND) sla ctiesesaeasssesses 298° 275° 273° 
SOS venvsens sddens bivnss wudeuacssenches All very low 
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The members of each series were then combined, giving 640 mg. of isochondrodendrine, and 
217 mg. of base A. 

The material which had crystallised in fractions 1 and 2 was readily soluble in hot water, and 
very soluble in 2N-sulphuric acid but almost insoluble in dilute hydrochloric acid; it was fairly 
soluble in methanol, and insoluble in benzene. It had m. p. ca. 267° (indefinite; after shrinking 
at 257°) and [a]}* +228° (mean of several values, in 0-1N-H,SO). It has not been further 
investigated. 

At this stage, as more material was required, another extraction was undertaken. 

(b) The powdered wood (1029 g.) was percolated with methanol, which was recycled by 
distillation in the absence of air. When a sample of the percolate no longer gave a precipitate 
with Meyer’s reagent, the extraction was stopped and the methanol evaporated to about 500 
c.c. of a thick, black liquid. This was made acid to litmus, but not to Congo-red, with 0-5n- 
sulphuric acid (ca. 500 c.c.) and filtered, and the filtrate (F) washed with ether (5 1.) to remove fat. 
This ethereal extract was washed with water and the washings were combined with the filtrate 
F. The resulting aqueous solution was concentrated to 1200 c.c. and treated with neutral lead 
acetate in the way previously described, then concentrated to ca. 1 1., and precipitated with 
sodium hydrogen carbonate solution, and the solid (S) collected. 

The filtrate and washings from S were extracted with ether (6 x 1 1.), which removed in all 
ca.1g. This was combined with the precipitate (S). The aqueous liquid was acidified with 
hydrochloric acid till neutral to Congo-red, and excess of mercuric chloride solution added. The 
almost white precipitate was collected and dried in vacuo (18-5 g., corresponding to 12-5 g. of 
alkaloid). The total yield of alkaloidal matter in this extraction was 42-5 g. (413%); the 
yield of water-soluble bases was 1-18%. [The figures for extraction (a) were: overall yield 
5-75% and water-soluble bases, 0-74%.] 

The dried precipitate (S) and the material extracted with ether were then continuously 
extracted with chloroform as described before, and the chloroform-soluble extract was separated 
into a phenolic (13-5 g.) and a non-phenolic portion (1-35 g.). The non-phenolic portion was 
chromatographed in benzene on alumina. The single band that moved down the column was 
eluted and, after isolation, was dissolved in methanol, in which it was very soluble. During 
4 months it deposited no crystals. 

The phenolic fraction was equivalent to 31-5 c.c. of N-sulphuric acid and, after removal of 
non-basic material, was divided into 9 fractions, as described above. After removal of the 
chloroform, the residues were treated with methanol. On long (several weeks) storage, fraction 
1 deposited a mixture of needles and tar; fraction 4 deposited during this time some brown, 
doubly-refracting spheres; fractions 5, 6, and 7 instantly crystallised and were combined 
(788 mg.) and separated into a methanol-soluble and a methanol-insoluble portion. 

The Pure Bases.—(a) isoChondrodendrine. After recrystallisation from methanol, the base 
was converted into its sulphate, which was recrystallised from water. The free base was then 
liberated and recrystallised from methanol. So purified, it formed thin needles, m. p. 287° 
(decomp.), which became brown in air [Found: C, 72-0; H, 6-6; N, 3-2; OMe, 11:5; NMe, 
10-3. Calc. for C3,H,,0,(OMe),(NMe),: C, 72:7; H, 6-8; N, 4:7; OMe, 10-4; NMe, 9-7%]. 
King (J., 1948, 1945) gives the specific rotation of the anhydrous sulphate as +137°; for the 
free base, the authors find [«]}? +157° (c, 1-3 in 0-1n-H,SO,), corresponding to a rotation of 
+ 135° for the anhydrous sulphate. The sulphate was very soluble in water, from which it was 
deposited as octahedra, or dodecahedra, with bevelled points; often these dodecahedra were 
belted, giving pyramid-capped prisms. Like the parent alkaloid, this salt darkened in air, or 
when heated. It had m. p. 281° (decomp.) [Found, for the dried salt: C, 61-3; H, 6-1; N, 4-4; 
OMe, 15-8. Calc. for C3,H,.0,(OMe),(NMe),,H,SO,: C, 62-4; H, 5-8; N, 4:1; OMe, 9-0%. 
The figures suggest that the compound was readily de-N-methylated. Calc. for OMe + NMe, 
17-9%]. 

The hydrochloride, prepared either from the free base, or by addition of hydrochloric acid to a 
solution of the sulphate, formed elongated six-sided plates when crystallised from water. The 
alkaloid gave a positive Millon reaction and, dissolved in methanol or, better, in chloroform 
containing about 10% of methanol, gave a purple colour on addition of ferric chloride which, 
on addition of more ferric chloride, became green. 

A sample of tsochondrodendrine sulphate presented by Dr. J. Walker had m. p. 281—284° 
(decomp.); it was, however, considerably oxidised and partly insoluble in cold water. An 
attempt to isolate the free base gave only dark brown, amorphous material. 

(b) Base A. From aqueous pyridine, chloroform containing a little methanol, or methanol 
alone, base A was deposited as colourless thin plates, or flattened needles, whose m. p., though 
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sharp, was not reproducible and lay between 270° (decomp.) and 300° (decomp.), With the 
exceptions of pyridine, and chloroform containing about 10% of methanol, the alkaloid seemed 
practically insoluble in all common organic solvents. Unlike isochondrodendrine, this base 
did not darken on storage [Found: C, 72:0; H, 6-8; N, 5-4; OMe, 10-5. C3,H;,0,N,(OMe), 
requires C, 72:7; H, 6-4; N, 4:7; OMe, 10-4%]. The specific rotation of the base was too low 
to be accurately measured. 

The sulphate, formed by treating the free base with just sufficient 0-1N-sulphuric acid to 
dissolve it, formed a very characteristic mixture, m. p. 289° (effervescence), of rhombs and 
thick hexagonal plates. If excess of 2N-sulphuric acid was used, only thin, rhombic plates 
appeared. Photomicrographs of the two forms are given. This salt (massive form) did not 
darken when dried [Found : loss in wt. at 110° im vacuo, 20-4. Found, on dried salt: N, 4:3; 
OMe, 10-5. C3,H3,0,N,(OMe),,H,SO,,10H,O requires H,O, 20-6. The anhyd. sulphate requires 
N, 4:1; OMe, 90%. Cand H values of different samples of the same specimen were neither 
satisfactory nor consistent]. 

The hydrochloride of this base was practically insoluble in water, and formed microscopic 
prisms. Evaporation of its solutions to dryness gave no trace of octahedra (cf. King, J., 1937, 
1472). The alkaloid was insoluble in 2N-sodium hydroxide but dissolved on dilution; evapor- 
ation of this solution gave the sodium salt as needles. The alkaloid gave a positive Millon 
reaction, and, dissolved in chloroform containing about 10% of methanol, gave a purple colour 
with ferric chloride, becoming green with excess. 

(c) Base B. The material (338 mg.) deposited in fraction 1 of the second extraction was 
boiled with just sufficient methanol to dissolve it. Slender needles were deposited and, after 
concentration, the mother-liquor deposited a mixture of tarry globules and elongated crystals. 
The latter could not be separated by fractional crystallisation. Recrystallisation of the original 
crop of needles from methanol gave base B as hedgehog-like masses of needles (43 mg.), m. p. 
ca. 230° (some decomp.). After a further recrystallisation from methanol, the substance was 
analysed [Found: C, 68-3; H, 6-2; OMe, 13-6. C,,H,,O;N,(OMe), requires C, 68-5; H, 5-9; 
OMe, 15:2%]. It had [a]? +31-1° (c, 0-5 in CHCI,) (the solution in sulphuric acid was cloudy). 
Chondrocurine has [a]? +204-5° (c, 0-8 in CHCl,). The sulphate of base B was not obtained 
crystalline, and the hydrochloride, though sparingly soluble in water, formed ill-defined crystals. 
Dissolved in chloroform containing about 10% of methanol, the base gave a weak purple colour 
on addition of ferric chloride. 

Other Bases.—In the mother-liquors from the recrystallisation of the sulphates of isochondro- 
dendrine and base A, there appeared small amounts of materials believed to be the sulphates of 
other bases. One of these formed hair-like needles, and another rectangular plates. The 
quantities available did not permit further examination. 

The Quaternary Fraction.—The reineckates were chromatographed in acetone on alumina. 
A very complex series of bands developed, most of which remained stationary at the top of the 
column. Two, however, moved down, and were eluted. Treatment of these salts with silver 
sulphate solution, then with barium chloride solution (cf. King, J., 1948, 1945), gave the chlorides 
of these bases. They were both yellow and very soluble in methanol. They await examination. 


It is a pleasure to record our thanks to Dr. H. King for his generous gift of Chondrodendron 
limactifolium ; to Dr. J. Walker for gifts of tsochondrodendrine sulphate, curine, and chondro- 
curine; to Dr. Strauss for the photomicrographs, and for the rotations of chondrocurine and 
base B; and to the Department of Scientific and Industrial Research for a grant to one of us 
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Cinnolines and Other Heterocyclic Types in Relation to the Chemotherapy 
of Trypanosomiasis. Part VII,* Intermediates. 


By C. M. ATxKtnson, (the late) J. C. E. Smpson, and A. TayYtor. 
[Reprint Order No. 4639.] 


High yields of o-aminoacetophenones are obtained on the large scale via 
the NN-diacetyl derivatives by the oxidation of 1l-acetyl-2 : 3-dimethyl- 
indoles. A suggested explanation, supported by nitration studies, involves 
the reduced aromaticity of the hetero-ring and stabilisation of the imino-form 
of the possible imino-ketimine system. 


As part of the programme of syntheses of bis-heterocyclic quaternary salts for test as 
trypanocidal agents we prepared analogues of (I) (Part VI, J., 1952, 2617) having the 
guanidine bridge across the 5: 5’-, 7: 7’-, and 8 : 8’-positions. This paper describes routes 
to suitably substituted intermediates and includes work on the large-scale preparation of 
2-amino-5-nitroacetophenone for conversion into (I). 

Oxidation of the appropriate 2 : 3-dimethyl-Bz-nitroindoles with chromic acid in acetic 
acid has been used by Schofield and Theobald (/J., 1949, 796) as a method for obtaining the 
corresponding 2-amino-Bz-nitroacetophenones. Application of the technique to our 
preparative problem was initially disappointing; considerable manipulative difficulties 
were encountered in the large-scale separation by chromatography (alumina) of 2 : 3-di- 
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methyl-4(and 6)-nitroindoles and attempts to influence the proportion of each isomer by 
varying the condensing agent were unsuccessful. Moreover, at the oxidation stage, our 
yield of pure 2-acetamido-5-nitroacetophenone was considerably lower than that given by 
Schofield and Theobold (/oc. cit.) for the partially purified material, but in the case of 
2-acetamido-3-nitroacetophenone our yield from 2: 3-dimethyl-7-nitroindole was 
appreciably better than that reported and in sharp contrast to that from other nitro- 
indoles (see Table). That these results were not due to the different stabilities of the 
products towards the reagent was shown by the negligible variation in the amounts 
obtained when different times of reaction were used. In seeking a reason for the single 
high yield we noted the possibility of intramolecular hydrogen bonding as in (II), this being 
consistent with the fact that the observed volatility is higher than that of 6-nitro-2 : 3- 
dimethylindole; the presence of similar bonding in 7-nitrobenziminazole has been 
established (Rabinowitz and Wagner, /. Amer. Chem. Soc., 1951, 78, 3030). Similar 
“ protection ” of 2 : 3-diphenylindoles, by N-acetylation before oxidation, was considered 
essential by Ritchie (Proc. Roy. Soc. N.S.W., 1946, 80, 33); and Weissgerber (Ber., 1913, 
46, 651) observed the beneficial effect in the indole series of N-benzoylation before either 
halogenation or oxidation to anthranilic acid derivatives. Similar results have been 
observed in this work (see Table). 

Our attempts to oxidise 2 : 3-dimethylindole with a variety of reagents were unsuccessful 
(contrast the small-scale oxidations with ozone, Witkop, Aunalen, 1944, 556, 103) but the 
N-acetyl derivative was smoothly oxidised by chromic acid in acetic acid to o-diacetylamino- 
acetophenone; o-acetylaminoacetophenone was never isolated from this experiment, in 
contrast to the findings by Gaudion, Hook, and Plant (/., 1947, 1631). Moreover, 
oxidation of the 1-acetyl-2 : 3-dimethyl-Bz-nitroindoles, formed only under vigorous 
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conditions, gave only the corresponding o-diacetylaminoacetophenones, in agreement with 
the isolation by Koelsch (J. Amer. Chem. Soc., 1944, 66, 1983) of N-acetyl-2-benzoyl-5- 
bromobenzanilide from oxidation of l-acetyl-6-bromo-2 : 3-diphenylindole. These results 
can be explained by consideration of the tautomerism (IIIa === 8) possible in the indole 
nucleus. Stabilisation of the species (IIIa) which, on the assumption that (IIIa) and 


Yields of o-acetamidoacetophenones from oxidations of indoles. 
Bz-Substituent 


‘Nil 4-NO,  5-NO,  6-NO, 
2 : 3-Dimethylindole. 
pabana nae Nil 30(30) 28 (43) 
1-Acetyl-2 : 3-dimethylindole. 
Wield (96) \cavavesiseccancsnasessssasssvorsewscees 55 85> 78° 90 —- 

* Figures in parentheses are the yields obtained by Schofield and Theobald (Joc. cit.), whose 5-nitro- 
compound had m. p. 139—141°. Our product had m. p. 152—153° as reported by Bauer and Strauss 
(Ber., 1932, 65 308). ° Yield over two stages, 7.e., to the aminoacetophenone. 
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(III) are oxidised at approximately equal rates, is essential to high yields of o-amino-ketone 
derivatives, can be achieved either by substitution of the mobile imino-hydrogen atom 
(acetylation) or by hydrogen-bonding (asin II). A third method of achieving this stability 
is evident from the high yields of o-aminobenzophenones obtained by Schofield and 
Theobald (J., 1950, 1505) from 3-phenylindoles (cf. Ritchie, loc. cit.). In these cases the 
decisive factor appears to be the ability of the 3-phenyl group to be conjugated with the 
double bond (2: 3) of (IIIa) but not with that (1:2) of (IIIb). This idea was tested by 
oxidation of (IV; R = Ph, R’ = Me; and R = Me, R’ = Ph), in only the latter of which 
is the species (IIIb) stabilised by conjugation of the heterocyclic double bond with the 
phenyl substituent; as was expected, the yield of o-amino-ketone derivative from the 
former was considerably greater (75% and 39%, respectively). It may be concluded that 
successful oxidation of indole derivatives to those of 0-amino-ketones depends, primarily, 
on reduction of the aromaticity of the nucleus and subsequent stabilisation of the imino- 
tautomer in the imino-ketimine system. 

These suggestions presuppose the existence of a triad system —NH-C:C-— unsaturated in 
the manner associated with aliphatic olefinic bonds, as distinct from the purely aromatic 
type. Evidence to support this was found in reactions of indoles and their N-acetyl 
derivatives. Thus oxidation of 6-nitro-2:3-dimethylindole with chromic acid in 
formamide yielded a non-ketonic compound, C,y>H,)0,N., which when refluxed with dilute 
hydrochloric acid gave 2-amino-4-nitroacetophenone and acetaldehyde. This behaviour 
is consistent with the compound’s being the epoxide (V), treatment with acid resulting in 
the following changes : 


Me o MeOH 


wn yy Me 
F 4, Ht Van 
{ fo —> on I Ion — 
WN Me WY : wh 
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*" W \w!CHMe 
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ON ve H,O 
MeCHO + oni SNH, wr Oe | 
Vv NN:CHMe 
Further evidence of reduced aromatic character in the hetero-ring comes from nitration 
experiments (see below) : 2 : 3-dimethylindole is nitrated at C;;) (parva to the ring-N), but 
l-acetyl-2 : 3-dimethylindole undergoes, not only substitution at C;,) and Cr, (meta to the 
ring N), but also reactions about the Ciy-Cq) double bond. 
Our failure to adapt Schofield and Theobald’s methods (loc. cit.) to large-scale 
experiments led to our evaluation of other routes as well as to the above investigation on 
the requirements for good results from the oxidation of indoles. Cyclisation of phenyl- 
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hydrazones to indoles by means of boron trifluoride complexes (Snyder and Smith, J. Amer. 
Chem. Soc., 1943, 65, 2452) was most valuable and after improvements in the isolation 
procedure 2: 3-dimethylindole became available in large quantities. Nitration of the 
crude product by Bauer and Strauss’s method (loc. cit.) gave the 5-nitro-derivative which 
was either purified by an improved technique or acetylated directly for the next (oxidation) 
stage; this route is considered the best available for production of 2-acetamido-5-nitro- 
acetophenone in quantity. 1-Acetyl-2 : 3-dimethylindole (Borsche and Groth, Annalen, 
1941, 549, 238) has been nitrated by Plant and his co-workers (J., 1933, 955; 1940, 283) and 
by Schofield and Theobald (Joc. cit.) who confirmed the low yield (14%) of l-acetyl-2 : 3- 
dimethyl]-6-nitroindole. The yield of this main product has been raised to 32%, and 
appreciable amounts (10%) of the 4-nitro-isomer were isolated, but in spite of numerous 
variations (about 55 orienting experiments) we were unable to improve this result; a 
number of by-products, on which work is still in progress, were also isolated from this 
nitration. The accessibility of the precursors makes this route to l-acetyl-2 : 3-dimethyl- 
6-nitroindole a serious competitor to that involving chromatography of mixed 2: 3-di- 


methyl-4(and 6)-nitroindoles. 


EXPERIMENTAL 


M. p.s were determined on a Kofler block and are corrected. Complete details of orienting 
experiments can be found in A. Taylor’s Ph.D. Thesis (Manchester), 1952. 

Nitrophenylhydrazines.—The o- and m-compounds were obtained in yields of 70% and 80% 
respectively on a 200-g. scale by the method of Muller eZ al. (Helv. Chim. Acta, 1937, 20, 1468) ; 
in the former case it was better merely to stir the intermediate hydrazo-sulphonic acid with hot 
concentrated hydrochloric acid to obtain the hydrochloride rather than to attempt a complete 
recrystallisation from this reagent. In the case of the m-compound, neutralisation of the 
solution of the diazotised amine before its reduction was omitted; conversion of the hydrazo- 
sulphonic acid into the hydrazine hydrochloride was carried out by dissolving the former in the 
minimum amount of hot water, adding an equal volume of concentrated hydrochloric acid, and 
cooling. 

3-Methyl-5-nitro-2-phenylindole.—(a) Propiophenone p-nitrophenylhydrazone (6-5 g.) was 
heated with hydrochloric acid (65 c.c.; d 1-18) for 4 hr. on a steam-bath. The cold reaction 
mixture was diluted with water (200 c.c.) and extracted with chloroform, and the washed 
(sodium carbonate, water) and dried (Na,SO,) extract was evaporated. The residual oil gave 
orange crystals from benzene-light petroleum (b. p. 60—80°); 3-methyl-5-nitro-2-phenylindole 
formed long pale yellow needles, m. p. 193°, from benzene (Found: C, 71-7; H, 4:7; N, 11-6. 
C,;H,,0,N, requires C, 71-4; H, 4:8; N, 11-1%). Concentration of the mother-liquor gave 
propiophenone (1-55 g.), b. p. 127—129°/35 mm. (semicarbazone m. p. and mixed m. p. 173°; 
2: 4-dinitrophenylhydrazone, m. p. and mixed m. p. 188°). Extraction of the original aqueous 
reaction liquor after partial (to pH 6) and complete basification gave only further specimens of 
the indole. 

(b) A solution of the hydrazone (2 g.) in acetic acid (20 c.c.) was treated with boron 
trifluoride—acetic acid (13-6 c.c.) and heated to boiling; spontaneous refluxing occurred for 
5—10 min., heating was resumed for 20 min., and the mixture poured into water (300 c.c.). 
The residue obtained by evaporation of a washed (sodium carbonate, water) and dried chloroform 
extract was dissolved in benzene and chromatographed on alumina (10 x 3 cm.), to give a 
sticky solid, m. p. 178—180° (1-2 g.), having the smell of propiophenone. Recrystallisation 
from benzene gave the same indole (0-4 g.) as in (a). 

2-Methyl-5-nitro-3-phenylindole.—Benzyl methyl ketone -nitrophenylhydrazone (5-1 g.), 
acetic acid (50 c.c.), and hydrochloric acid (50 c.c.; d 1-18) were refluxed together for 2hr. The 
cold mixture was extracted with chloroform, and the extract washed with sodium carbonate 
solution and water, dried (Na,SO,), and evaporated todryness. A solution of the residue (4 g.) in 
benzene (100 c.c.) was percolated through alumina (8 x 3-5 cm.) to give crystalline material 
(1 g.), m. p. 195—196°, from which 2-methyl-5-nitro-3-phenylindole, m. p. 197—198°, was 
obtained as yellow needles by recrystallisation from benzene (Found: C, 71:3; H, 4:65; N, 
11-35%. 

2 : 3-Dimethyl-7-nitroindole.-—(a) Ethyl methyl ketone o-nitrophenylhydrazone (25 g.) was 
heated with concentrated hydrochloric acid (250 c.c.; d 1-18) at 95° for 4 hr. The product was 
filtered off, washed with concentrated hydrochloric acid and water, and digested with hot benzene, 
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and the dried extract chromatographed in hot benzene on alumina (Spence and Co., Grade ‘‘ H’’; 
30 x 4:5 cm.). Most of the pure indole was contained in the first coloured eluate (1 1.) and 
ca. 10% was obtained, contaminated with a bright red crystalline solid, m. p. ca. 194°, on further 
elution (500 c.c.); the latter fraction was neglected for preparative purposes. 2: 3-Dimethyl- 
7-nitroindole, m. p. 164°, crystallised from benzene in golden leaflets which gradually changed 
to rhombs (yield, 40%; average of 20 experiments). 

(b) A solution of the hydrazone (25 g.) in glacial acetic acid (250 c.c.) was refluxed with boron 
trifluoride—acetic acid (20 c.c.) for 30 min. The solid (21 g.), m. p. 145—150°, isolated by 
dilution with water was purified as in (a) (yield 35%), but the red compound, m. p. 194°, was not 
noted. 

2 : 3-Dimethyl-4(and 6)-nitroindoles.—(a) Ethyl methyl ketone m-nitrophenylhydrazone was 
cyclised with hydrochloric acid as described above, a crude product, m. p. 128—130°, being 
reprecipitated by water from an alcoholic solution after treatment with carbon. A filtered 
solution of this material (56 g.) in 1: 1 benzene—light petroleum (b. p. 80—100°; 800 c.c.) was 
chromatographed on alumina (70 x 2”, 1900 g.; ‘‘Grade H’’); the lower orange band was 
eluted with the mixed solvent, to give the 4-isomer (8-5 g.), m. p. 175°, and the crimson upper 
band was finally removed with ether, to give the 6-isomer (23-7 g.), m. p. 142°. 

(b) The m-nitrophenylhydrazone (2 g.) was treated with boron trifluoride as for the 
o-compound (above) but gave a tar which was purified by reprecipitation from the solution in 
acetic acid by addition of water after treatment with carbon; the flocculent yellow solid (0-31 g., 
16%) had m. p. 128—129°. 

2 : 3-Dimethylindole.—A solution of ethyl methyl ketone phenylhydrazone (102 c.c.; dried 
but not distilled, excess of ketone having been removed under reduced pressure) in acetic acid 
(150 c.c.; contained in a 2-1. flask fitted with a wide, efficient condenser) was treated with boron 
trifluoride—acetic acid complex (78 c.c.) and heated on asteam-bath. At the first sign of boiling 
the flask was plunged into a cooling bath (solid carbon dioxide—alcohol) and when the vigorous 
reaction subsided the hot slurry was poured into water (ca. 1 1.); 2: 3-dimethylindole was 
filtered off, washed with water, and dried over sulphuric acid and then sodium hydroxide, six 
experiments giving 518 g. (95%), m. p. 108—109°; this material can be recrystallised from 
light petroleum (b. p. 60—80°) (500 c.c./100 g.). 

2 : 3-Dimethyl-5-nitroindole.—The crude foregoing material (225 g.) and urea (16 g.) were 
dissolved in cold sulphuric acid (2 1.; d 1-84) with mechanical stirring and treated at 0° (-+5°) 
with a cold solution of potassium nitrate (160 g.) in sulphuric acid (800 c.c.; d 1-84), added 
during 20 min. Stirring was continued for 5 min., the mixture poured on crushed ice (ca. 15 kg.), 
and the precipitated solid washed with sodium acetate solution and water. The dry crude 
product (275 g.), m. p. ca. 170°, crystallised from alcohol in brown needles, m. p. 185—187° 
(50% yield); better purification was obtained if the crude material (140 g.) was digested with 
boiling benzene (total 8 1.) and decanted through a short column of alumina (200 g.; 
‘‘ Grade H ’’) prepared in hot benzene. Concentration of the eluate gave golden needles, m. p. 
190°, of pure 2 : 3-dimethyl-5-nitroindole (43%). 

1-A cetyl-2 : 3-dimethylindole (cf. Borsche and Groth, loc. cit.).—2 : 3-Dimethylindole (250 g.) 
was refluxed with acetyl chloride (1 1. of ‘‘ AnalaR’’; an ordinary quality gives a much lower 
yield) for 4 hr., excess of the reagent removed under reduced pressure, and the residue distilled 
at 130°/0-2 mm. Recrystallisation from alcohol (200 c.c.) gave colourless crystals, m. p. 74° 
(75%). 

1-A cetyl-2 : 3-dimethvl-Bz-nitroindoles.—(a) The 5-nitro-indole (100 g.; m. p. 190°), 
anhydrous sodium acetate (100 g.), and acetic anhydride (1 1.) were refluxed together for 5} hr. 
and the suspension poured into hot water (10 1.) with mechanical stirring. After cooling, the 
solid was filtered off, washed, and recrystallised from ethanol (charcoal). 1-Acetyl-2 : 3-di- 
methyl-5-nitroindole formed pale yellow needles, m. p. 109° (105 g., 86%) (Found: C, 60-4; H, 
4:9; N, 12:05. C,,H,,0,N, requires C, 62-2; H, 5-1; N, 12-1%). 

(b) 2: 3-Dimethyl-4-nitroindole (5 g.) similarly yielded the l-acetyl derivative, m. p. 102°, 
as long yellow needles from alcohol (Found: C, 62-5; H, 4:85; N, 12-25%). A solution of this 
material (1 g.) in benzene (30 c.c.) was eluted from alumina (15 x 3-5cm.) with benzene, to give 
the deacetylated compound (0-8 g.), m. p. and mixed m. p. 172°. 

2-A mino-3-nitroacetophenone.—2 : 3-Dimethyl-7-nitroindole (10 g.) in acetic acid (100 c.c.) 
was treated with stirring at 25—30° with chromic anhydride (10 g.) in water (10 c.c.). The 
mixture was stirred overnight, diluted with water (220 c.c.), and extracted with chloroform, and 
the washed and dried (Na,SO,) extract was concentrated to 20 c.c. and diluted with 
ether (60 c.c.). The precipitated pale yellow solid gave colourless needles of 2-acetamido-3- 
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nitroacetophenone (8-5 g.), m. p. 152°, from ether—chloroform. Hydrolysis with alcohol—water- 
concentrated hydrochloric acid under reflux gave the amino-ketone, m. p. 94—95° (72%). 

o-Diacetylaminoacetophenone.—A stirred solution of l-acetyl-2 : 3-dimethylindole (1 g.; m.p. 
74—-75°; prepared according to Plant and Tomlinson, /oc. cit.) (Found: C, 76-95; H, 7-35; N, 
7-65. Calc. forC,,H,,ON : C,77-0; H, 7-0; N,7-5%) in acetic acid (20c.c.) was treated during 
5 min. with an aqueous solution of chromic anhydride (0-75 g. in 0-75 c.c.). The temperature 
rose to 30° and after 2 hr.’ stirring the mixture was heated to 70° for 5 min., cooled, and diluted 
with water (ca. 80 c.c.). Unchanged material (0-14 g.), m. p. and mixed m. p. 75—76°, was 
precipitated and ether-extraction of the basified (sodium carbonate) filtrate gave an oil (0-71 g.) ; 
this furnished aggregates of colourless needles (0-36 g.), m. p. 84—86, of 0-diacetylaminoaceto- 
phenone which formed colourless plates, m. p. 85—-86°, from water or aqueous alcohol (Found : 
C, 65:3; H, 5-8; N, 6-6. C,,H,,0,N requires C, 65-75; H, 6-0; N, 6.4%). Identical material 
was obtained by refluxing o-acetamidoacetophenone with acetic anhydride for 30 min., 
concentration under reduced pressure, and recrystallisation of the residue from ether-—light 
petroleum (b. p. 40—60°). The diacetylamino-compound was also converted into o-acetamido- 
acetophenone by hydrolysis (refluxing 2N-hydrochloric acid) and re-acetylation (warm acetic 
anhydride). 

o-A minoacetophenone.—A stirred solution of l-acetyl-2 : 3-dimethylindole (40 g.) in acetic 
acid (40 c.c.) was treated, during 30 min. below 30° (chiefly 19—21°), with aqueous chromic 
anhydride (40 g. in 40 c.c.) and stirred for 4 hr. after the addition. Extraction (chloroform) of 
the diluted mixture and evaporation of the washed and dried extract gave an oil (37 g.) which 
was hydrolysed by refluxing 2N-hydrochloric acid for 1 hr.; two runs were combined and 
distilled, to give pure o-aminoacetophenone (30 g.), b. p. 90°/0-05 mm. 

2-Diacetylamino-5-nitroacetophenone.—1-Acetyl-2 : 3-dimethyl-5-nitroindole (8-9 g.) was oxid- 
ised as above at 25° and stirred overnight before dilution and working up. The bulk of the 
monoacetamido-ketone was precipitated by ether from a chloroform solution, and material 
in the mother-liquors was recovered by evaporation and chromatographed in benzene on a 
carbon column. The first distinct fraction (1-07 g.), m. p. 86°, gave pure 2-diacetylamino-5- 
nitroacetophenone (0-7 g.), m. p. 93°, from alcohol (Found: C, 54:25; H, 4:55; N, 10-45. 
C,.H,,0;N, requires C, 54-6; H, 4:55; N, 10-6%). 

2-A mino-5-nitroacetophenone.—The l-acetylindole (56 g.) was oxidised as in the preceding 
examples at 28° + 1° and the readily crystallising oil (isolated by chloroform-extraction) was 
hydrolysed with refluxing alcohol-water—concentrated hydrochloric acid (equal vols.) to 
yield, by basification, the amino-ketone (34 g., 78%), m. p. 150—152°. The same product was 
obtained by oxidation of 2 : 3-dimethyl-5-nitroindole (7 g.; m. p. 190°) and hydrolysis of the 
intermediate o-acetamido-ketone (2:3 g., 28%). For preparative purposes, crude 2: 3-di- 
methyl-5-nitroindole (100 g.; m. p. ca. 170°) was oxidised below 40° (experiments with the 
pure indole showed no change in yield from experiments at 18° + 2° or 34° + 2°). Ten runs, 
poured into water (4 1.), yielded, by filtration (‘‘ Supercel ’’) and extraction of the dried filter- 
cake with hot benzene, a solid (349 g.), m. p. 138—145°, and a semi-solid (124 g.); chloroform- 
extraction of the mother-liquors gave similar fractions (30 g. and 47 g. respectively). Separate 
hydrolysis of the solid fractions furnished the amino-ketone (246 g., 24% based on 2; 3-di- 
methylindole), m. p. 148—150° (pure, m. p. 154°); similar hydrolysis of the semi-solids gave 
material (40 g.) of m. p. 130—140°. 

2-Diacetylamino-4-nitroacetophenone.—1-Acetyl-2 : 3-dimethyl-6-nitroindole (12 g.) was oxid- 
ised as usual at 25—26°; the almost colourless solid obtained by chloroform-extraction gave 
2-diacetylamino-4-nitroacetophenone, m. p. 142°, as colourless plates from methanol (Found: C, 
54-65; H, 4:5; N, 10-55%). Hydrolysis as above gave the amino-ketone, m. p. and mixed 
m. p. 164—165°. 

2-A mino-4-nitroacetophenone.—Oxidation of the l-acetyl-indole (56 g.) as in the preceding 
experiment and hydrolysis of the residue obtained by chloroform-extraction gave the amine 
(38 g.), m. p. 164—165°. The same compound was obtained by oxidation of 6-nitro-2 : 3-di- 
methylindole as described by Schofield and Theobald (Joc. cit.). 

2: 3-Epoxy-2 : 3-dimethyl-6-nitroindolenine.—A solution of chromic anhydride (2 g.) in water 
(3 c.c.) was added during 9 min. to a well-stirred suspension of the indole (3 g.) in formamide 
(30 c.c.) at 2—5°. After being stirred overnight (temperature rising to 14°) the mixture was 
diluted with water (100 c.c.) and extracted with chloroform, and the washed and dried (Na,SO,) 
extract was concentrated to small volume. Addition of ether precipitated an orange solid 
which was recrystallised from alcohol, to give the epoxide (0-37 g.) as orange needles, m. p. 134° 
(Found: C, 58-0; H, 5-1; N, 14-1. C,,H,)O,;N, requires C, 58-2; H, 4:9; N, 13-6%). 
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Hydrolysis of this compound with refluxing 3n-hydrochloric acid (5 parts) and alcohol (1 part) 
in an apparatus connected to sodium acetate-buffered dimedone solution gave acetaldehyde 
(m. p. and mixed m. p. of dimedone derivative, 139—140°). No acetaldehyde was detected in 
an experiment froin which the epoxide was excluded. Basification of the mixture gave 2-amino- 
4-nitroacetophenone, m. p. and mixed m. p. 166°. 

2-Diacetylamino-6-nitroacetophenone.—A suspension of l-acetyl-2 : 3-dimethyl-4-nitroindole 
(1-55 g.) in acetic acid (15 c.c.) was oxidised, as usual, at 25—28°. Evaporation of the washed 
and dried (Na,SO,) chloroform extract gave a solid (1-65 g.), m. p. 139—140°; 2-diacetylamino- 
6-nitroacetophenone, m. p. 146—147°, separated from ethanol in colourless plates (Found: C, 
54-6; H, 455%). 

2-A mino-6-nitroacetophenone.—Oxidation as in the previous experiment (13-5 g.) and 
hydrolysis of the crude product (12-8 g.) gave, by basification and chloroform-extraction, the 
amino-ketone (10-2 g., 85%), m. p. 74°. The same compound was obtained via 2-acetamido-6- 
nitroacetophenone, obtained by oxidation of 2 : 3-dimethyl-4-nitroindole according to Schofield 
and Theobald (loc. cit.). 

2-A mino-5-nitrobenzophenone.—2-Methyl-5-nitro-3-phenylindole (3 g.) was oxidised, as usual, 
at 25° and the crude material (2-75 g.), m. p. 152°, obtained by extraction with chloroform was 
recrystallised from ethyl acetate to give colourless needles of the acetamido-ketone, m. p. 159° 
(Found: C, 63-45; H, 4:8; N, 9-55. C,;H,,0O,N, requires C, 63-5; H, 4:25; N, 9-9%). 
Hydrolysis with refluxing alcohol (20 c.c.) and hydrochloric acid (6N; 12 c.c.) gave the crude 
amine (95%), m. p. 158°. 2-Amino-5-nitrobenzophenone, m. p. 163-5°, formed yellow blades 
from ethyl acetate (Found: C, 64-75; H, 3-7; N, 12-0. Calc. for C,,;H,,O,N,: C, 64-5; H, 
4-15; N, 11-6%). Schofield and Theobald (loc. cit.) give m. p. 160—161°. 

2-Benzamido-5-nitroacetophenone.—3-Methyl]-5-nitro-2-phenylindole (0-3 g.), oxidised, as 
usual, at 24° + 2°, yielded by chloroform-extraction a solid (0-15 g.), m. p. 185—190°. 
Recrystallisation from chloroform-ether gave colourless needles (0-13 g. 38-5%), m. p. and 
mixed m. p. 194—195°. 

Volatility of 2: 3-Dimethyl-6- and -7-nitroindole.—In a sublimation apparatus consisting of a 
‘cold finger ’’ dipping into a flask connected to a water pump, the weighed, finely powdered 
indole was heated at 107° + 0-25° (bath) for exactly 2 hr. (pressure constant + 1mm.). The 
sublimate was washed from the finger with chloroform and the residue on evaporation to dryness 
was weighed. The sublimate from the 7-nitro-indole weighed 5-8 mg., that from the 6-nitro- 
isomer 1-0 mg. 

Nitration of 1-Acetyl-2 : 3-dimethylindole.—A solution of l-acetyl-2 : 3-dimethylindole (100 g.) 
in acetic acid (200 c.c.) was added simultaneously, but at a slightly lower rate, with a solution of 
nitric acid (50 c.c.; d 1-49) in acetic acid (200 c.c.) to well-stirred propionic acid (200 c.c.) at 
—10° during 40 min. 1-Acetyl-2 : 3-dimethyl-6-nitroindole (35 g., 30%), m. p. 169°, was 
filtered from the mixture, washed with acetic acid (2 x 10 c.c.), then water (2 x 300 c.c.), and 
dried at 70°. The filtrate and washings were diluted with water (800 c.c.) and extracted with 
chloroform (3 times). This extract was washed until acid-free, with sodium carbonate solution 
(washings rejected), then with 10% sodium hydroxide solution (3 x 500 c.c.; ‘‘A’’), and 
finally with water, dried (Na,SO,), and evaporated. The residual red gum was chroma- 
tographed in benzene on alumina (7 x 22-5 cm.). Elution with benzene (6 x 500 c.c.) gave 
2 : 3-dimethyl-4-nitroindole (10-2 g., 10%), m. p. and mixed m. p. 171°; further elution with 
ether (‘‘ anastheticus ’’) gave 2 : 3-dimethyl-6-nitroindole (2-5 g., 2%), m. p. and mixed m. p. 
140°. The contents of the washings ‘‘ A ’’ are being examined and will be discussed in a future 
publication. 
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Infra-red Spectra of Carbohydrates. Part I. Some Derivatives of 
D-Glucopyranose. 


By S. A. BARKER, E. J. Bourne, M. Stacey, and D. H. WHIFFEN. 
[Reprint Order No. 4670.] 


It is confirmed that determinations of infra-red spectra offer powerful 
means for the comparison of supposedly identical samples of carbohydrates. 
Moreover, spectra over the frequency range 730—960 cm.-! enable derivatives 
of p-glucopyranose to be assigned to either the «- or the f-series, no matter 
whether they are reducing sugars, methyl glucosides, or polysaccharides ; 
thus, «-anomers absorb at 844 + 8 cm.-!, and $-anomers at 891 + 7 cm.-. 
In addition, an indication may be obtained of the positions of the glycosidic 
linkages ina polyglucosan. The forms of the vibrations responsible for absorp- 
tion in this region are discussed briefly. 


PrEvious work has shown that infra-red absorption spectra can be used to establish the 
identity of, or to distinguish between, two carbohydrate samples (Kuhn, Analyt. Chem., 
1950, 22, 276; Fletcher and Diehl, J. Amer. Chem. Soc., 1952, 74, 5774; Stevenson and 
Levine, Science, 1952, 116, 705). Also the main spectral range has been sub-divided into 
more restricted regions, related to absorption by -OH, C—O, C-H stretching and bending 
vibrations, etc. (Thompson, Nicholson, and Short, Discuss. Faraday Soc., 1950, 9, 222; 
Forziati and Rowen, J. Res. Nat. Bur. Stand., 1951, 46, 38). More detailed study has been 
made of the 3300 cm.“! region of the cellulose spectrum in relation to hydrogen bonding and 
crystallinity (Brown, Holliday, and Trotter, J., 1951, 1532), and of the C—O stretching 
region, and other bands, in the spectra of chitin, hyaluronic acid, and similar substances 
(Orr, Harris, and Sylvén, Nature, 1952, 169, 544; Darmon and Rudall, Discuss. Faraday 
Soc., 1950, 9, 251). Knowledge of the lower frequencies, at which ring C-C and C-O 
stretching vibrations are likely to be active, has been obtained by Burket and Melvin 
(Science, 1952, 115, 516), who correlated the increased intensity of absorption at 794 cm.~} 
by some dextrans with the proportion of periodate-resistant units, probably involving 
glucose units linked through position 3 (see also Abdel-Akher, Hamilton, Montgomery, and 
Smith, J. Amer. Chem. Soc., 1952, 74, 4970; Lohmar, tbid., p. 4974; Jeanes and Wilham, 
ibid., p. 5839; Barker, Bourne, Bruce, and Stacey, Chem. and Ind., 1952, 1156). The 
present work (for a preliminary report see Barker, Bourne, Stacey, and Whiffen, Chem. and 
Ind., 1953, 196), which is confined to the frequency range 730—960 cm."!, confirms this 
assignment, and extends the use of this region for the characterisation of glucose polymers. 
It also affords a method for differentiating between «- and 8-anomers in the glucose series. 


EXPERIMENTAL 

The spectra were measured with a Grubb—Parsons single-beam spectrometer, with a sodium 
chloride prism, the ‘‘ Nujol ’’ mull technique being used. Most of the mono- and di-saccharides 
were crystalline, but some of the oligosaccharides were obtained by freeze-drying aqueous 
solutions, and consisted presumably of mixtures of the a- and B-anomeric forms. The poly- 
saccharides were usually freeze-dried, ground in ether to give a more suitable physical state, 
and dried again. The Tables show the frequencies (cm.~4) of the absorption bands, together 
with indications of their relative intensities, and comments if the bands were especially broad. 
A few specimen absorption curves are shown in Fig. 1. 


DISCUSSION 


Identification of Anomers.—The most striking feature of the set of spectra is the absorp- 
tion peak (type 2a) at ca. 844 cm."!, of moderate or strong intensity, which can be correlated 
with the presence of the «-D-glucopyranose structure, as opposed to its f-anomer. This 
peak, which is displayed by «-D-glucopyranose and its reducing methyl ethers, by methyl 
«-D-glucopyranoside and its methyl ethers, by derivatives of «-D-glucosamine (Table 1), 
and by oligo- and poly-glucosans containing «-linkages (Table 3), but not by those compounds 
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TABLE 1. Monosaccharides derived from a-D-glucopyranose. 


*CH,OH a-p-Glucopyranose: X = H; Y = OH. 
|;—O, X -p-Glucopyranose: X = OH; Y = H. 
ow 2 Methyl «-p-glucopyranoside: X = H; Y = OMe. 
—/, Methyl £-p-glucopyranoside : X = OMe; Y = H. 
HO ' 06 


Key: br = broad; f.d. = freeze-dried; m = moderate strength; s = strong; v = very; w = weak. 


Means are immediately followed by their standard deviations. 


Frequencies 8 (cm. wa A of absorption on peaks 


Compound “OMe, etc. Type 1 Other peaks Type 2a Type 3 
a-D-G]UCOPyTaNOSe ......... esse ee eee — 914s — 837 s 774s 
3-O-methyle sicsevcesscegesesercnors 951 m 916s — 838 m 749 m 
C-O-ANGGNs  .05:000 sicostinsse cesses 947 m 923s — 846 m 772m 
3:4-di-O-methyl-............... 947m; 935m 919 m 890 vw (2b?) 843m 763 m 
2:3: 6-tri-O-methyl- ............ 945 s 919 w — 854s 762s 
2:4: 6-tri-O-methyl- ............ ; 945m; 919 w; 909 w — 850s 769 vs 
928 w 
2:3:4:6-tetra-O-methyl- ... 961s; 951m; 919 w 903 vw; 850s 767s 
928 vw 888 w (2b ?) 


2-amino-2-deoxy-, paicstel 
chloride ........ ap 5 ea (933) w 909 m 884 m 850 m 770m 
2-acetamido-2- deoxy- - (923) w 909 m 886 w 855s 781m; 768 w 
2-amino-2-deoxy-3-O- methyl-, 
” honimachieelae ianaive seu nde 1ba6ss — 91lw 901 m 850 m 765 w 


=. 915 + 5 767 +. 8 


Methyl «-p-glucopyranoside — 896 s - uF 745s 
2-0- Methyl... scscsc racic ree sievec 951 m 901s — 748s 
: 3-di-O- methyl- 954 s br 901s; 892m 
2-acetamido-2 -deoxy- bd 951s; 925w 896s 
Secetinide Saar SO. 
methyl- 951 m 914m; 901m 854 m 
2-acetamido-2-deoxy-3 : 4: 6- 
tri-O-methyl-_.................. 951m; 945m 907m; 896m — 843 m 
 Sgpvetni MBe rans +e it — 900 + 8 nee 842 + 


* Shows peaks also at 778 (w) and 765 (w) cm.} 


TABLE 2. Monosaccharides derived from }-D-glucopyranose. 
Frequencies (cm.-!) of f absorption peaks © 


_s 
Compound OMe, etc. Ty pe l Type 2b Other peaks Type 

B-p-Glucopyranose — 909 m 896 vs 856 w (2a?) _— 
2-O-methyl- 949 s 912 w 901s 859 vw (2a ?) — 

2 : 3-di-O-methyl- 961s; 9455s 914m 888 m 872 w 789 m br; 

768 m br 
2-amino-2-deoxy-3 : 4: 6-tri-O- 956 w; 940s 923 w 901 m —- 

methyl-, hydrochloride 

Mean a 914 + 6 896 + 6 — 


Methyl f-p-glucopyranoside 961s . 884s — 783 m 
4-O-methyl- 959m; 938m 914 vw 896 w p 765 vw 
6- a methyl- 958 m 914s 886 m 768 vw 
3: 4-di-O-methyl- 949m; 938s 921m 880s - a 
4 : 6-di-O-me thyl- 966s; 951m; 905 m 

947 w 
2:3: 4-tri-O-methyl- 936 s br - 892 m 
2:3: 4: 6-tetra-O-methyl- 955 m; 935 m 905 m 
2-acetamido-2-deoxy- 935 m —_— 896 m; 890m 
2-acetamido-2-deoxy-4 : 6-di-O- 947 m 923 m 888 m 
methyl- 
2-acetamido-2-deoxy-3 : 4: 6-tri- 949m; 938 w; - 884 m 
O-methyl- 928 w 
Mean oo + 5 891+ 8 
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TABLE 3. Higher saccharides derived from «-D-glucopyranose. 
F requencies (cm. rhe of absorption peaks 


Compound 
B-Maltose 
Maltotriose (f.d.) 
Maltotetraose (f.d.) 


Amylose (potato) 
Amylopectin (potato) 


Glycogen (Mytilis) 

Glycogen (rabbit liver) 

Glycogen (Netsseria per- 
flava) 

f-Dextrin (potato) 

cycloMaltohexaose 


cycloMaltoheptaose 


Mean 


a-Panose 


isoMaltose (f.d.) 

isoMaltotetraose (f.d.) 

Dextran (B-512) 

Dextran (Acetobacter cap- 
sulatum) 

Dextran (Betacoccus 


Principal type of 
glucosidic linkage 
a-1:4 


” 


907s 


927 m br 


938 s vbr 


a-1:6-branches 931s br 


(trace) 


a-1: 4; 


925 s br 
928 m br 
928s br 


928 s br 
949 m; 
938s 
938 s br 


x-1 : 4 (cyclic) 


930 + 9 


a-1:4; a-1:6 919 vs 
919 m br 
919 m br 
a-1: 6; al: : 4-branches 919 m br 
914 m br 


a-1:6 


” ” 


a-1:6; a-1: 3-branches 917s br 


919 m vbr 


“Type | 1 Other peaks Type 2a Other peaks 
894 s (2b) 


846s 
834 m 
861 w; 
840 m 
857 m; 
838 m 
840 m br 


840 m br 
835 m br 
840 m br 


840 m br 
859 w; 
840 m 
855s; 
841s; 
826 vw 
843 + 10 


862 w; 
846s 
838 w 
840 w 
840 m 
837 m 


841 m 


794.w 


Type 3; 
778s 
767 w 
763 m 


756 m 
756 m 


758 m 
762 w 
760 w 


758 w 
760 m; 
746 w 
773 m; 
763 m; 
752m 
761+ 8 


775s; 
756s 

768 m 
770m 
768 m 
766 m 


768 m 


: 3-type 3) 
793 w 
: 3-type 3) 


arabinosaceous) 


Dextran (NRRL-B- a-1: 6; 914s br 840 m 770m 


: 3- and «-1 : 4-branches 


a-1:3 
a-1:3; a-l:4 


742) 
917 +2 


- 


919s br 
919s br 


839 + 


840 w 
837 m 


768 +1 


783 m 
766 m 


Mean 
794 m 

: 3-type 3) 
794 m 

(1 : 3-type 3) 
789s 

: 3-type 3) 


Nigerose (f.d.) 
Trisacc. fraction from 


nigeran (f.d.) ( 


Oligosacc. fraction from 928 s br 840 m 768 m 
nigeran (f.d.) 
Nigeran (mycodextran) 860 m; 
840s (1 


850 m; 


921s; _ 
905 w 
924 vw; 


a«a-Trehalose * aa-l: 1 865 w 802 m 


909 s 


840 m 


* Shows a peak also at 955 cm.“ (s). 


TABLE 4. Higher saccharides derived from $-D-glucopyranose. 


Compound 
B-Cellobiose 


@ CeMtriOGe dis veins. ce ivebes ces 


B-Cellotetraose ......... 
Cellulose 
genum) 


Cellulose (cotton) .............-. 


oe B-cellobioside * 
Gentiobiose (f. a.) 

DW GODGO: bee ns 'cek ode privediocs 
a- Laminaribiose 


Laminaritetraose ae d. +) 
Laminarin . bdssevsveoe 
Yeast glucan | 
a-Sophorose ...... 


Crown-gall poly: saccharide 


BB-Trehalose . 
aB-Trehalose . 


Principal 
type of 

glucosidic — 
linkage 
B-1:4 


Ty pe 1 
925 w br 
931 m 
925 w vbr 


(A cetobacter “aceti- 


914 w br; 

914 w br; 
919 w 
917 m vbr 
919 w br 
919 m 


920 m br 

917 w br 

919 m br 

me 919 m br 

“2 919 w br 
:1 919 w 

:1 923 m br 

921+ 4 


933 w br 
933 w br 


Type 2b 
8925s 
892m; 884m 
896s 


894 w 

894 w 

901s 

894 w 
888m; 880 w 

888 m 


872m 

891s a 
890s 
890s 
892 m 

888 m; 880m 
896 s br 
884 m 


890 + 5 


* Shows a peak also at 966 cm.“ (m.). 


Other peaks 


843 m (2a 


837 vw (2 


843 m (2a 


843 m (2a 


F requencies (cm. a?) of absorption peaks 
—— 


+ Bees 
Type 3 
773 m 
) 773m 
768 vw 


766 vw 
766 vw 
806 wv vbr 

770w 


778 vw 


a) 


771 vw 


) 765 m 


) 780m 
17449 


Barker, Bourne, Stacey, and Whiffen : 


examined which were devoid of «-D-glucopyranose units (Tables 2 and 4), is remarkably 
constant in frequency, as is indicated by the small overall standard deviation of +8 cm.-}. 
It is, however, double in a«-trehalose, as might be expected since interactions are more 
important when the two reducing groups are joined directly together. Two peaks appear 
also in this region with maltotetraose, amylose, cyclomaltohexaose, cyclomaltoheptaose, 
(t.e., a- and $-Schardinger dextrins), panose, and nigeran; they may arise through coupling 
of the vibrations of physically adjacent groups in different glucose residues, e.g., between 
adjacent units in neighbouring turns of the amylose helix. The weak peaks of type 2a 
shown by §-D-glucopyranose and 2-O-methyl-$-p-glucopyranose were quite possibly 
caused by traces of the a-anomers in these samples. 

The conclusion is that the appearance of a type 2a peak seems to offer a good indication 
of the presence of an a-unit in a derivative of D-glucopyranose. It is interesting that 
Spedding and Stamm (J. Chem. Phys., 1942, 10, 176) found a strong Raman line in «-p- 
glucose at 842 cm."!, which has no direct counterpart in 6-D-glucose, although there is a 
medium band at 901 cm.“! which might be correlated with the infra-red band at 896 cm."}. 
The a-anomers invariably displayed two other infra-red absorption peaks in the region 
under examination (type 1 at 917 + 13 cm.! and type 3 at 766 + 10 cm.~}), but, as will 
be apparent later, these are less useful for diagnosing anomeric character. 

All the derivatives of 8-p-glucopyranose examined, including reducing monosaccharide 
methyl ethers, methyl $-p-glucopyranoside and its methyl ethers, derivatives of -D- 
glucosamine (Table 2), and oligo- and poly-glucosans containing £-linkages (Table 4), gave 
an absorption band (type 20) of moderate or strong intensity, which appeared to correspond 
to type 2a but occurred at a different frequency, namely, at 891 + 7cm.-}. Unfortunately 
some of the type 1 absorptions of the «-compounds lie in the same range as the type 2) 
absorptions of the 8-compounds, and so the presence of a band at ca. 891 cm."} is not 
conclusive evidence for a $-glucose unit. For this reason, it would be unwise to conclude 
that absorption at 896 and 890 cm.! by cyclomaltohexaose and cyclomaltoheptaose, 
respectively, is indicative of traces of $-linkages. Some of the §-compounds show absorp- 
tion of types 1 and 3, with a marked tendency for these bands to be weaker than those in 
the «-series; in some cases the former band may be overlaid by the stronger type 20 band. 

Three crystalline disaccharides («-laminaribiose, «-sophorose, $-maltose) and one 
crystalline trisaccharide («-cellotriose), in which the anomeric characters of the reducing 
groups differed from those of the glucosidic linkages, gave, as would be expected, absorption 
bands of both types 2a and 28, as also did «$-trehalose. 

Polymer Identification.—Although infra-red spectra of all carbohydrates are useful 
for establishing the identities of samples of doubtful authenticity, they are likely to be 
particularly useful in providing rapid indications regarding the structures of new poly- 
glucosans, before the final confirmation of such structures by the more classical methods. 
It has been shown already that the absorption peaks of types 2a and 20 form a basis for 
the classification of the principal glucosidic linkages in a polyglucosan as « or 8. In addi- 
tion, it is possible, from a consideration of the bands of types 1 and 3, to obtain information 
about the positions of such linkages in «-polyglucosans (see Fig. 1); unfortunately, no 
such correlation is possible with the 6-anomers. 

The absorptions of types 1 and 3 displayed by «-polygiucosans of the two classes most 
commonly encountered are: starch class (1: 4-linkages), 930 + 4, 758 +2; dextran 
class (1 : 6-linkages), 917 +. 2, 768 +1 cm.-!. The peak at 793 +. 3 cm."} given by certain 
dextrans, and by the nigeran (mycodextran) series of compounds, seems to arise from 
a-1 : 3-linkages. Polyglucosans containing «-1:2-linkages were not available. It is 
interesting that, whereas in the dextran series there is no systematic movement of the 
frequencies of absorption bands of the types 1 and 3 in passing from the disaccharide 
through the oligosaccharides to the polysaccharides, in the starch series there are gradual 
transitions in frequency from 907 to 930 -- 4, and from 778 to 758 -+- 2 cm.-1 

Assignment.—With such complex molecules as the sugars it is hardly to be expected 
that assignment of many of the observed bands to particular vibrational modes will be 
possible. The range examined (730—960 cm."1) is likely to include the in-phase C—O 
stretching mode of methyl ethers, comparable with that of dimethyl ether at 918 cm.} 
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(Herzberg, ‘‘ Infra-red and Raman Spectra,” D. Van Nostrand Co. Inc., New York, 1945, 
p. 354), and indeed a number of bands appear in the 930—960 cm.~! range for methylated 
glucoses, whereas the majority of the unmethylated glucoses are relatively transparent in 
this region. There remain three principal sets of bands, for which the average values (cm.~1) 
and standard deviations are : 

Type 1: «-anomers, 917 + 13; $-anomers, 920 + 5. 

Type 2: a-anomers, 844 + 8; f-anomers, 891 + 7. 

Type 3: a-anomers, 766 + 10; $-anomers, 774 + 9. 


Burket and Badger (J. Amer. Chem. Soc., 1950, 72, 4397) have interpreted the spectra 
of tetrahydropyran, which has the same ring structure as pyranose sugars, and have attri- 
Fie. 1. 
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buted the strong infra-red active band at 875 cm.~ to a ring vibration, pictured essentially 
as shown in Fig. 2. It can be seen that this vibration includes a considerable contribution 
from the ring C-O-C antisymmetrical stretching, and is therefore likely to be of moderate 
intensity in the infra-red absorption spectrum. Its frequency will be not very dependent 
on the configuration at C;,) and type 1 bands are quite possibly due to this mode. 

The 856 cm. vibration of tetrahydropyran is essentially a CH, rocking vibration 
which can have no counterpart in the substituted rings, but the ring breathing frequency 
appearing at 813 cm.-}, and pictured as in Fig. 3 (Burket and Badger, /oc. cit.), may plausibly 
be correlated with type 3 vibrations. Since the stretching of the four ring C-C links 
contributes to the frequency, but scarcely to the intensity, of the band, and since the 
small amount of C—OH stretching involved scarcely affects the frequency, but may alter 
the intensity by virtue of the more dipolar nature of the C—O bonds, it is to be expected 
that the intensity is much more sensitive to the sugar configuration and to the introduction 
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of substituents at the hydroxyl groups than is the frequency; this was found experiment- 
ally to be so. 

Concerning type 2 absorption, it is difficult to believe that frequencies with standard 
deviations of only +8 and +7, over sets of compounds in which the groups attached at 
position 1 vary from hydrogen atoms to polysaccharide chains, are connected closely with 
a mode involving much motion of the external oxygen atom attached to Cy). This suggests 
that the motion is one of the C-H deformation modes in which the hydrogen on Cy) is 
involved intimately. The observed frequencies are not unreasonable for such a case, 
because a force constant 0-467on” x 10° dynes/cm. (cf. Herzberg, of. cit., p. 193) leads to a 


Fic. 2. Fic. 3. 


ia a 


“A 


““S Oxygen atom below xy plane. 
‘J Carbon atom below xy plane. 


©) Carton atom above xy plane. 


frequency of 880 cm."}, if the mass and moment of inertia of the glucose structure are taken 
as infinite. The difference between the «- and the $-glucose frequency would in this case 
be related to the fact that the hydrogen atom in the «-anomer lies in the equatorial belt of 
the chair form of the six-membered ring, whereas in the @-anomer it is in the “ polar ”’ 
position. This statement is based on the presumption that the particular chair configur- 
ation adopted by the ring is that in which as many non-hydrogen substituents as possible 
are in the equatorial belt (cf. Reeves, ]. Amer. Chem. Soc., 1950, 72, 1499). An objection 
to this view is that the hydrogen atoms at positions 2, 3, 4, and 5 do not appear to absorb 
here, but C;,) is the only carbon atom which carries two oxygen atoms as well as the hydro- 
gen, and this may cause a marked change in force constant or intensity; the spectrum of 
1-deutero-p-glucose should settle this point. Further information regarding the validity 
of these tentative assignments, as well as useful data for characterisations, should be gained 
from studies of the infra-red spectra of other sugars, and this is now in hand. 
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Wool Wax. Part V.* The Constitution of the 
a-Hydroxy-acids derived therefrom. 
By D. H. S. Horn, F. W. Houcen, E. von Ruptorr, and D. A. Sutton. 
[Reprint Order No. 4552.] 


The saponifiable fraction of wool wax from merino wool yields nearly 30% 
of a mixture of optically active 2-hydroxy-n-dodecanoic, -n-tetradecanoic, 
-n-hexadecanoic, -n-octadecanoic, and -16-methylheptadecanoic acid. 


EARLIER investigations of the saponifiable fraction of wool wax (Lewkowitsch, J. Soc. 
Chem. Ind., 1892, 11, 134: 1896, 15, 14; Darmstaedter and Lifschiitz, Ber., 1896, 29, 1474, 
2890; Réhmann, Biochem. Z., 1916, 77, 298; Abraham and Hilditch, /. Soc. Chem. Ind., 
1935, 54, 398T; Bertram, J. Amer. Oil Chem. Soc., 1949, 26, 454) led to the view that it 
contains hydroxy-acids. Kuwata (J. Amer. Chem. Soc., 1938, 60, 559) isolated a 2-hydroxy- 
n-hexadecanoic acid in 7% yield, and Weitkamp (did., 1945, 67, 447) isolated also a 2- 
hydroxy-n-tetradecanoic acid in 0-2% yield. 

Reduction, with lithium aluminium hydride, of a sample of the acids of wool wax 
extracted from merino wool and estimation of the 1 : 2-diols in the products with periodic 
acid indicated the presence of about 30%, of a-hydroxy-acids in the original acid mixture. 
By solvent distribution, the mixture was separated into three broad groups (Figure) : 
a resinous, polar group of acids (11°%) of high molecular weight, «-hydroxy-acids (27%), 
and unhydroxylated acids (62%). 


A, Resin acids. 
B, Hydroxy-acids. 
C, Unhydroxylated acids. 


8 


i L ! i L 
79 20 60 70 


30 40 50 
No. of transfers 


As it was not possible to purify all the individual «-hydroxy-acids completely by solvent 
distribution with the 30-tube apparatus available, their methyl esters were first distilled, 
at 1 mm. pressure, in a micro-spinning-band fractionating column described previously 
(Part IV *). The pure components were isolated from the appropriate distillates by 
crystallisation, together, where necessary, with solvent distribution. The three pure 
a-hydroxy-acids obtained were identified, by oxidation with lead tetra-acetate in a current 
of air to the corresponding fatty acids containing one carbon atom less (cf. Mendel and 
Coops, Rec. Trav. chim., 1939, 58, 1140), as 2-hydroxy-n-dodecanoic, -n-tetradecanoic, and 
-n-hexadecanoic acid. The C,, ester fraction of the mixture is more thermolabile than the 
lower homolgues and could not be resolved readily by fractional distillation. Also its 
physical properties were rather different from those of the other fractions and an infra-red 
study showed that it contained a large proportion of a branched-chain acid. 

The wool wax acids were reduced with lithium aluminium hydride, and the 1 : 2-diols 
originating from the a-hydroxy-acids were separated in a yield of 22% by chromato- 
graphy on active alumina. Distillation of the acetates, hydrolysis, and crystallisation 
of appropriate fractions yielded pure n-tetradecane-, n-hexadecane-, n-octadecane-, and 
16-methylheptadecane-1 : 2-diol. After purification of the octadecanediol, too little 


* Part IV, J., 1953, 3533. 
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remained for further characterisation by oxidation. However, the infra-red absorption is 
identical with that of synthetic (-+-)-octadecane-1 : 2-diol. 16-Methylheptadecane-l : 2- 
diol, on the other hand, showed the characteristic doublet in the 1360—1400-cm."! range 
of the infra-red absorption spectrum (cf. Part IV). The material was further characterised 
by oxidation to 15-methylhexadecanoic acid, identical with a specimen prepared from 12- 
methyltridecanoic acid (Part III, J., 1953, 98) by anodic coupling with the half ester of 
glutaric acid. 

The two remaining «-hydroxy-acids in the mixture are thus characterised as 2-hydroxy- 
n-octadecanoic acid and -16-methylheptadecanoic acid. The properties of the compounds 
isolated are summarised in the Table. 

Acid, Diol, 
; Me ester, c —“ c “~ 
R in —_ 


diacetate, 


¢ 5 [a}p 
R°CH(OH):-CO,H m. p. b. p./1 mm. m. p. (CHCI,) % m. p. b. p. 


24—25° 78-0—78-5° —2-8° inn bo 
34-8—35-0 133-5—136-5° 88-2—88:5% —3-1 3 77:-6—77-9° 154-5° 
45-5—45-7 153-5—154-0 93-3—93:-5% —3-2 37°38 84-0 —8 4-2 172 
co ele aN ~~ — os eee 3-3 87-7—87-9 185 
CHMe,'C,,H,, ... ca, 40° — ca. 78° ‘2 75:0—75°8 ca. 188 
* Weitkamp (loc. cit.) gives 88-2—88-5°, and Kuwata (loc. cit.) gives 86—87°. ° Weitkamp (loc. 
cit.) gives 93-6°. 
EXPERIMENTAL 

Preparation of the Wool Wax Acids.—Saponification of wool wax extracted from merino wool 
and removal of the unsaponifiable material were carried out as described in Part IV (loc. cit.). 
The combined alcoholic solutions of the soluble potassium soaps were diluted with water and 
acidified and the fatty acids extracted with ether. After drying (Na,SO,), the ethereal 
extracts were evaporated to yield the main acid fraction. The yield (45—47 g. from 100 g. of 
wax) is about 90% of the acids present in the wax because the acids of low molecular weight 
which are very soluble in water and those with very high molecular weight which form potassium 
soaps insoluble in 60% ethanol were isolated separately. 

Isolation of the Hydvoxy-acid Fraction.—The «-hydroxy-acids were separated from the 
‘resin acids ’’ and the unhydroxylated acids by counter-current distribution of their methyl 
esters in an all-glass, 30-tube apparatus (Messrs. Otto Post & Co., New York, U.S.A.), each 
tube of which accommodated 100 c.c. of each phase. The methyl esters (30 g.) of the main acid 
fraction were introduced into the first three tubes and distributed between commercial hexane 
and 85% ethanol. Each fraction was separately evaporated and weighed (see Figure). The 
quantity of a-hydroxy-ester present in each fraction was determined by Hochstein’s active 
hydrogen method (J. Amer. Chem. Soc., 1949, 71, 305). Those fractions which contained 
considerable quantities of hydroxy-esters were amalgamated (11-4 g.) and redistributed as 
before. In this way the esters were separated into three main groups: (a) those of high 
molecular weight, dark and polar methyl esters of the ‘‘ resin acids ’’ (3-3 g., 10-8%); (b) a- 
hydroxy-esters (8-2 g., 27-39%); and (c) unhydroxylated esters (18-6 g., 61-9%). 

Separation of the «-Hydroxy-acids.—The material (4-5 g.) representing the peak of the second 
distribution curve was nearly pure methyl 2-hydroxy-n-hexadecanoate. Crystallised from 
ether and then from acetone, it formed a white powder (3-1 g.), m. p. 45-5—-45-7° (Weitkamp, 
loc. cit., records m. p. 45-6°), [a], —3-6° (c, 10 in CHCl,) (Found: C, 71-4; H, 12-0; active H, 
0-72% ; sap. equiv., 288. Calc. for C,,H,,0,: C, 71-3; H, 12-0; active H, 0-70% ; equiv., 286). 
Saponification yielded 2-hydroxy-n-hexadecanoic acid, a white powder (from acetone, then hex- 
ane), {«], +3-6° (c, 6in pyridine) (cf. Table) [Kuwata, loc. cit., records [«],, —1-0° (c, 5-2in EtOH)] 
(Found: C, 70-4; H, 11-9; active H, 0-75%; equiv., 272. Calc. for C,,H;,0,: C, 70-5; H, 
11-8; active H, 0-74%; equiv., 272). Oxidation of the acid with lead tetra-acetate (method : 
Mendel and Coops, Joc. cit.) yielded pentadecanoic acid, m. p. 51-5—52-0° (Found: C, 74-5; H, 
12-39%; equiv., 241. Calc. for C,,H,;,0,: C, 74:3; H, 125%; equiv. 242), which did not 
depress the m. p. of pentadecanoic acid (m. p. 52-0—52-5°) prepared by oxidation of synthetic 
(+)-2-hydroxy-n-hexadecanoic acid. 

The remaining fractions from the second distribution, together with the mother-liquors from 
the crystallisation of the methyl-2-hydroxy-n-hexadecanoate (altogether 5-1 g.), were re- 
distributed in a 90-transfer experiment, being separated into three well-defined groups. 
Analysis of the material from the tube at the middle of each group, after crystallisation, corre- 
sponded very closely to the values expected for methyl 2-hydroxytetradecanoate, 2-hydroxy- 
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hexadecanoate, and 2-hydroxyoctadecanoate, respectively. A value was assumed for the 
partition coefficient of methyl 2-hydroxydodecanoate (which did not form a well-defined peak 
in the distribution curve) based on the differences found between the coefficients of the other 
members (C,4, Cig, C,,) of the homologous series. Then, allowing for the quantity of 2-hydroxy- 
n-hexadecanoic acid removed by crystallisation, it was possible to calculate fairly accurately the 
proportions of the individual hydroxy-acids present. These were in close agreement with those 
obtained later from the distillation curves of the diol acetates. 

The methyl esters (20 c.c.) of the hydroxy-acids obtained by solvent distribution of total 
wool-wax fatty acids were separated further by distillation at 1 mm. in the micro-spinning-band 
fractionating column described in Part IV (loc. cit.) into the following main fractions: (1) b. p. 
100—127° (0-8 c.c.); (2) b. p. 133-5—136-5° (1-0 c.c.); (3) b. p. 153-5—154-0° (9-8 c.c.); and 
(4) b. p. 165-5—172-5° (3-8 c.c.). 

Methyl 2-hydroxy-n-dodecanoate. Fraction 1 was purified by counter-current distribution 
between hexane and 85% ethanol (40 transfers). The middle fraction, recrystallised from ether 
at —10° to —20°, formed a microcrystalline powder, m. p. 24—25°, [a], —3-0° (c, 9 in CHCI,) 
(Found: C, 68-0; H, 11-1; active H, 0-43%; sap. equiv., 234. C,,H,,O, requires C, 67-8; H, 
11-4; active H, 0-44%; equiv., 230). The ester (94-3 mg.) was reduced with lithium aluminium 
hydride, the diol produced (48-1 mg.) was oxidised with periodic acid (Karnovsky and Rapson, 
J. Soc. Chem. Ind., 1946, 65, 138), and the formaldehyde precipitated as the dimedone com- 
pound (74-6 mg.), m. p. 184—185° [C,,H,,O, (48-1 mg.) requires 69-2 mg. of dimedone compound, 
m. p. 189°]. : 

The ester (182 mg.) gave the acid (128 mg.) which, twice recrystallised from acetone at —30°, 
formed a white powder (see Table) (Found: C, 66-9; H, 11-3; active H, 0:90%; equiv., 220. 
C,.H,,03 requires C, 66-6; H, 11-2; active H, 0-93%; equiv., 216). The acid (20 mg.) was 
oxidised with lead tetra-acetate, and the acid produced recrystallised from pentane at —20° as 
white powder, m. p. 26-5—27-0° (Found: equiv., 188. Calc. for C,,H,.O,: equiv., 186), not 
depressing the m. p. of undecanoic acid, m. p. 27—27-5°, prepared by hydrogenation of undec- 
10-enic acid. The 1° discrepancy in m. p. indicates slight impurity. 

Methyl 2-hydroxy-n-tetradecanoate. Fraction 2 (1 c.c.) was purified by counter-current 
distribution and crystallised from ether and then acetone as a white powder, [a], —3-6° (c, 9 
in CHC];) (Found: C, 70-1; H, 12-0; active H, 0-39%; sap. equiv., 261. Calc. for C,,H 90; : 
C, 69-7; H, 11-7; active H, 0-39%; sap. equiv., 258). 

The derived free acid crystallised from acetone at —30° as a white powder (see Table) 
(Found: C, 68-8; H, 11-5; active H, 0:89%; equiv., 243. Calc. for C,,H,,0,: C, 68-8; H, 
11-6; active H, 0-82%; equiv., 244). 

Oxidation of the acid with lead tetra-acetate yielded n-tridecanoic acid, m. p. 40-5—41-0° 
(Found: equiv., 215. Calc. for C,;H,,0O,: equiv., 214), alone or mixed with an authentic 
sample, m. p. 41-0—41-5°, prepared by oxidation of synthetic (-+)-2-hydroxy-n-tetradecanoic 
acid. 

Methyl 2-hydroxyoctadecanoate isomers. Fraction 4 was purified by counter-current distri- 
bution and crystallised from ether and then acetone as a white powder, m. p. 38-5—39-5°, 
{a]y —4-5° (c, 6 in CHCl,) (Found: C, 72-3; H, 12-2%; active H, 0-32%; sap. equiv., 316. 
Calc. for C,,H3,03;: C, 72-6; H, 12-2; active H, 0-32%; equiv., 315). 

The derived mixed acids crystallised from acetone as a white powder (cf. Table) (Found : 
C, 71-8; H, 12-0% ; active H, 0-64% ; equiv., 302. Calc. for C,,H3,0,: C, 72-0; H, 12-1; active 
H, 0-64% ; equiv., 300). Oxidation with lead tetra-acetate yielded an acid, m. p. 57—58° (Found: 
C, 75-5; H, 128%; equiv., 268. Calc. for C,,H,,0,: C, 75-5; H, 12-7%; equiv., 270). The 
mixed m. p. with synthetic 15-methylhexadecanoic acid, m. p. 60-3—60-5°, was about 58—59°. 

Synthesis of 15-Methylhexadecanoic Acid.—12-Methyltridecanoic acid (4-56 g.) (Part III, 
J., 1953, 101) and ethyl hydrogen glutarate (9-4 g.; Hesse and Biicking, Annalen, 1949, 563, 31) 
were added to a solution of sodium (0-003 g.) in methanol (250 c.c.), and the mixture electrolysed 
to yield 15-methylhexadecanoic acid (1-88 g.). It was purified by counter-current distribution 
(see Part III). It crystallised from acetone in plates, m. p. 60-3—60-5° (Weitkamp, Joc. cit., 
records m. p. 60-2°) (Found: C, 75-5; H, 12-7%; equiv., 270. Calc. for C,,H3;,0,: C, 75-5; 
H, 12-7%; equiv., 270). 

Synthesis of (+)-«-Hydroxy-acids.—In the synthesis of (--)-«-hydroxy-acids by bromination 
of a fatty acid and subsequent hydrolysis, Bagard’s method (Bull. Soc. chim., 1907, 1, 30) which 
uses 0-33 mol. of phosphorus trichloride, gave a purer bromo-acid than did that of Clark and 
Taylor (Org. Synth., 1941, Coll. Vol. I, p. 115). 

Characterisation of the Hydvoxy-acid Mixture by Fractionation of the Diols—Wool-wax acids 
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(300 g.), after methylation, were reduced with lithium aluminium hydride in the usual way, to 
yield a mixture of monohydric and dihydric alcohols (258 g.). Acetylation yielded the corre- 
sponding acetates which were distilled at 1 mm. into two main fractions: (a) b. p. up to 158° 
and (b) b. p. 158—205°. These were separately saponified and chromatographed on alumina 
(cf. Part IV). The two glycol fractions obtained were combined (ca. 56 g., 80%), acetyated, and 
distilled at 1 mm. in the micro-spinning-band fractionating column to yield main fractions : 
(1) b. p. 154°5°; (2) b. p. 172°; (3) b. p. 185°; and (4) b. p. 187—192°. 

n-Tetradecane-1 : 2-diol. Fraction 1 was hydrolysed and the diol produced crystallised from 
hexane, and then methanol, as plates (Found: C, 73-0; H, 13-1. C,H 0, requires C, 73-0; 
H, 13-1%). 

n-Hexadecane-1 : 2-diol. Fraction 2, the diacetate, crystallised from methanol as long needles, 
f. p. 18-4°, ni? 1-4394 (Found: C, 70-1; H, 11-3; Ac, 25-0. C,9H3,O, requires C, 70-1; H, 11-2; 
Ac, 25-1%), and gave the diol, plates (from hexane and then acetone) (Found: C, 74-5; H, 13-4. 
Calc. for C,,H3sO,: C, 74:4; H, 13-3%). 

16-Methylheptadecane-1 : 2-diol. Fraction 3 was hydrolysed to the diol, plates (from hexane) 
(Found: C, 75-6; H, 13-5. Calc. for C,,H,;,0,: C, 75-5; H, 13-4%). The pure diol was 
oxidised with lead tetra-acetate to 15-methylhexadecanoic acid, plates, m. p. 60-2° (Found: C, 
75-4; H, 12:7%; equiv., 270. Calc. for C,,H,O,: C, 75-5; H, 12-7%; equiv., 270). The 
infra-red spectra of both the diol and the degraded acid confirmed the view that they contain a 
terminal isopropyl group. 

n-Octadecane-1 : 2-diol. Fraction 4 was hydrolysed and crystallised from hexane, ethanol, 
carbon tetrachloride and methanol, to give the diol as plates (Found: C, 75:3; H, 13-5. 
C,,H,,0, requires C, 75-5; H, 13-4%). The infra-red absorption spectrum was identical with 
that of synthetic (+)-octadecane-1 : 2-diol (see Part IV). 

For other physical constants see the Table. 
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The Crystal Structure of the Acid Salts of Some Monobasic Acids. 
Part III.* Potassium Hydrogen Dibenzoate. 


3y J. M. Skinner, G. M. D. Stewart, and J. C. SPEAKMAN. 
[Reprint Order No. 4640.] 


The crystal structure of potassium hydrogen dibenzoate, KC;,H,0,,C;H,O,, 
has been studied by X-ray methods. The crystals are monoclinic, with four 
stoicheiometric molecules in the unit cell and the space group, C2/c. The two 
benzoate residues are crystallographically equivalent, and the structural plan 
is identical with those of the two other acid salts studied in Parts I and II, 
including a short and effectively symmetrical hydrogen bond. The nature ot 
these bonds is briefly discussed. 


POTASSIUM HYDROGEN DIBENZOATE, C,H;*CO,K,C,H,;*CO,H, was first described by 
Gerhardt (Jahresber., 1852, 450; Annalen, 1853, 87, 57, 149) and has been examined by 
various authors from different points of view (e.g., Farmer, ]., 1903, 83, 1440; Smith and 
Speakman, Trans. Faraday Soc., 1948, 44, 1031). As the simplest aromatic acid salt, it 
would have been selected as the first for study by X-ray methods, had not its crystal habit 
been so unfavourable. Potassium hydrogen bisphenylacetate (Part I, J., 1949, 3357) and 
potassium hydrogen di-p-hydroxybenzoate hydrate (Part II *) were therefore given 
priority. More suitable crystals of the dibenzoate have now been grown, and this paper 
* Part II, J., 1951, 185. 
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describes the analysis of their structure, which proves to be very similar to those of the 
other two acid salts mentioned. 
EXPERIMENTAL 

Potassium hydrogen dibenzoate is easily made, in a stoicheiometrically pure condition, by 
cooling an alcoholic solution of one mol. of benzoic acid and 0-5 mol. of potassium hydroxide. 
But the crystals consist of extremely thin flakes which are quite unsuitable for single-crystal 
work. Recrystallisation from dioxan is not easy because of the limited solubility in this solvent, 
but more massive crystals were ultimately obtained in this way. Two distinct substances 
seemed to be involved, one of which consisted of lath-like crystals and did not give the same 
powder diffraction pattern as a known specimen of the acid benzoate. The other, which did 
satisfy this test, consisted of thin plates with {100} developed; and from these plates suitable 
specimens for single-crystal work could be cut, though they were always too thin for accurate 
intensity determinations. (Much thicker crystals of the acid salt have recently been grown 
from 95% alcohol, by long storage of the mother-liquor after a recrystallisation from this 
solvent.) 

Crystal Data.—The following data were established by single-crystal rotation, oscillation, 
and moving-film photographs, using Cu-K« radiation (A = 1-542 A). 

Potassium hydrogen dibenzoate, KH(C,H;O,).. M, 283-3. Decomp. below m. p. 

Monoclinic prismatic, a = 29-53 (0-07), b = 3-88 (0-02), c = 11-20 (+0-03) A, 8 = 95-8°, 
volume of unit cell = 1274 A%, density determined experimentally = 1-47—1-48, density calcul- 
ated on the assumption of four molecules of the above formula per unit cell = 1-472, F(000) = 
584, absorption coefficient for X-rays (A = 1-54 A) = 38 cm... 

Absent spectra: (hkl) when h + k is odd; (h0/) when either h or] is odd. Space group, 
either Cc (C4) or C2/c (C§,). C2/c was adopted because of the obvious similarity between the 
present structure and that studied in Part I, and it appeared to be justified by the outcome of 
the analysis. Centrosymmetry was confirmed by the application of statistical tests to the 
hOl data [viz., the Wilson ratio (Acta Cryst., 1949, 2, 318), the Rogers N(z) test (zbid., 1950, 8, 
210), and the variance test (Wilson, Research, 1951, 4, 141)]. The first two of these are not 
altogether free from objection when applied to potassium hydrogen dibenzoate, but the last 
appears to be unobjectionable and, like the other two, gave an unequivocal result in favour of 
centrosymmetry. 

Relative intensity measurements were made in the h0/, hkO, and Okl zones by the technique 
described in Parts I and II, and they were converted into relative structure amplitudes, which 
were ultimately put on to an absolute scale by comparison with calculated structure factors. 
As the crystal habit prevented the cutting of crystals to an equant cross-section, absorption 
was certainly not strictly negligible. But a correction based on the elementary method of 
considering the path-length in the crystal of a ray reflected from its centre did not seem to 
justify itself in practice. Absorption was therefore neglected. 


STRUCTURE ANALYSIS 

Experience during the analysis described in Part I suggested the usefulness of calculating 
the Patterson projection along the very short b-axis. The resulting vector-map proved 
successful in indicating the approximate structure; and this was refined in the usual way by 
successive electron-density projections, leading to the final map, shown in the Fig., in which all 
the atoms, except hydrogen, are well resolved. The numbering of the atoms is also indicated. 
The x- and z-co-ordinates derived from this projection were further modified by (Fo—F;,)- 
syntheses to give the final values shown in Table 1. 


TABLE 1. Atomic co-ordinates. (Origin at a centre of symmetry; +, y, and z as fractions of 
the cell-edges; X’, Y, and Z’ in A, and referred to orthogonal axes, with Z’ parallel to 2.) 
x v z ¥ gz 
0-0000 0-328 0-2500 : 1-27 2-80 
0-0555 0-165 0-1259 . 0-64 —1-57, 
0-0386 0-063 0:0527 li 0-24 0-47, 
0-0663 0-148 0-0178 94, 0-57 —0-39, 
0-1153 0-205 0-0366 “3! 0-80 0-06, 
0-1462 0-358 —0-0316 . 1-39 —0-79 
0-1908 0-414 0-0170 5-60, 1-61 —0-38 
0-2042 0-321 0-1325 Bef 1:25 0-87, 
0-1735 0-169 0-2007 5-09, 0-66 1-73 
0-1293 0-111 0-1521 3: 0:43 1-32 
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In Table 2 observed structure amplitudes are compared with structure factors calculated 


from the co-ordinates of Table 1, the following empirically adjusted atom-scattering functions 


being used : 


3- 


The centres of symmetry and two-fold axes occurring in this space group are indistinguishable 
in the b-axis projection. The same considerations as applied in Parts I and II apply here and 
they require the potassium ion to lie on a two-fold axis, and the mid-point between O(2) and 


“2 
| 
‘1 
| 


Potassium hydrogen dibenzoate. Left-hand part of diagram, shows the electron-density projected 
along the y-axis. (Contour-line scale: 1 electron per sq. A, with unit line broken; alternate lines 
round potassium ion omitted.) Right-hand part shows numbering of atoms and symmetry 
elements. 
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O(2’) to be a centre of symmetry, which is effectively occupied by the acidic hydrogen atom. 
This centre is taken as origin of co-ordinates. 

The y-co-ordinates were found chiefly by trial and error, with some help in the early stages 
from the strong resemblance between the values Of F,s;z9, and the corresponding terms (Frx9)) 
for potassium hydrogen di-p-hydroxybenzoate hydrate (Part II). An electron-density pro- 
jection along the c-axis was plotted, but this did no more than help to refine the y-co-ordinate 
of the K ion and testify to the general correctness of the structure, since the other atoms were 
not individually resolved. Some slight refinement of y-co-ordinates was, however, obtained 
from an (F,—F,)-synthesis, and the final values are included in Table 1. Table 3 compares 
observed structure amplitudes and calculated structure factors in the hkO and Of/ zones, the 
above atomic scattering curves having been used in these zones also. As in Table 2, accidentally 
absent spectra are omitted for brevity’s sake. In almost all cases the calculated factors were 
also small. The discrepancy figures (R) are 18-5% for h0l (16-6% if the three terms marked *, 
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TABLE 2. Observed structure amplitudes and calculated structure factors for h0l. (In each 
set of three columns, the first lists values of 4, the second |Fo|, and the third Fc.) 
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Observed structure amplitudes and calculated structure factors for hkO and Okl. 
(See Table 2 for arrangement of data.) 
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which may well be affected by extinction, are omitted), 15-5% for hkO, and 19-4% for Ok/. In 
view of the difficulty in measuring intensities with this substance, especially in the Of/ zone, 
these figures are held to be adequate to justify the structure postulated, and the bond lengths 
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given in Table 4 are accurate to within +0-04 A. Aprincipal interest lies in the distance between 
O(2) and O(2’). It was found that changing the y-co-ordinate of O(2) so as to increase this 
distance beyond 2-51 A always caused R to increase also. These atoms are therefore almost 
certainly joined by a short hydrogen bond, which seems unlikely to be longer than 2-55 A. 
Inter-molecular contacts are normal. 


TABLE 4. Principal interatomic distances (A). 
O(1) «++ O(2)...... C(2)-C(3) 1-36 C(6)-C(7) 
| | ree _ 


K-O(2) 


DISCUSSION 


There are no discrete molecules of KH(C;H,0,), in the crystals of this substance. The 
two benzoate residues, which are inclined at about 25° to (010), are crystallographically 
equivalent. The structure is identical in general plan with that of potassium hydrogen 
bisphenylacetate, and similar in many details. The description given in Part I (p. 3365 
and Fig. 5) applies closely. 

This structure also possesses an effectively symmetrical hydrogen bond. In this 
connexion the statistical evidence for the centrosymmetric space group is important. 
(The data for the acid phenylacetate reported in Part I have subsequently been found to 
support a similar conclusion.) This hydrogen bond could satisfy the crystallographic 
requirements in any one of three ways: (a) the bond might be strictly symmetrical, with 
the proton at its mid-point ; (0) it might have the proton permanently nearer to one oxygen 
atom (which would be part of a carboxyl group in consequence) than to the other (which 
would be part of a carboxylate anion), but through the crystal as a whole the individually 
unsymmetrical bonds could be statistically disordered so as to produce an effective 
symmetry; or (c) it might have the proton oscillating between potential-energy minima on 
either side of the mid-point (as might be represented by the formule at the bottom of 
p. 3364 of Part I). 

The situation of the proton in hydrogen bonds has been discussed by Donohue (J. Phys. 
Chem., 1952, 56, 502) in its general aspects, and by Davies and Thomas (/J., 1951, 2858) 
with special reference to potassium hydrogen bisphenylacetate. The latter authors give 
evidence, based on its infra-red spectrum, that the acid salt contains both more or less 
normal carboxyl groups and also more or less normal carboxylate ions; and hence they 
argue that explanation (a), which was considered in Part I, must be invalid. [Westrum 
and Pitzer (J. Amer. Chem. Soc., 1949, 71, 1940) suggest that a symmetrical 
O-H +++O bond could exist only when the O «++ O distance was reduced to about 2-3 A.] 
However, as was also briefly envisaged in Part I, (b) and (c) are possible too. And it seems 
that (c) in particular would accommodate both infra-red and X-ray data, provided that 
the period of protonic oscillation were such as to be low compared with the time of taking 
an X-ray photograph, but high compared with that of a C—O vibration. Dr. Davies has 
suggested (in a personal communication) 10°8 sec. as a suitable order for this period. 


We are grateful to Professor J. M. Robertson, F.R.S., for his interest in this work. Our 
thanks are also offered to the Department of Scientific and Industrial Research for a main- 
tenance grant to one of us (J. M. S.), and to Imperial Chemical Industries Limited for lending 
some of the equipment used. 
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The Steroid Series. Part III.* Synthesis of Methyl 
38-Acetoxybisnorallocholanoate from Dehydroepiandrosterone Acetate. 


By D. H. Hey, JouNn HoNEYMAN, and W. J. PEAL. 
[Reprint Order No. 4659.] 


The Reformatsky reaction between an ethyl a-halogenopropionate and 
dehydroepiandrosterone acetate (I) gives the esters of a mixture of isomeric 
acids (II—V). Two of these (II and III), when dehydrated, give the esters 
of 38-acetoxy-208-pregna-5 : 16-dien-20-oic acid (VII) and 36-acetoxypregna- 
5 : 17(20)-dien-( ? trans-)20-oic acid (VIII), both of which after hydrogenation 
vield methyl 38-acetoxybisnoral//ocholanoate (X). These results are considered 
to provide additional evidence for believing that this allocholane derivative 
and the natural steroids have the 8-configuration at Cia). 


THE ethyl esters of the four isomeric acids (II—V), differing in configuration at C;,,) and 
Cop), are the possible products of a Reformatsky reaction between an ethyl «-halogeno- 
propionate and dehydroepiandrosterone acetate (I). Lardon and Reichstein (Helv. Chim. 
Acta, 1941, 24, 1127), using ethyl «-bromopropionate, obtained two of these esters, one in 
20%, and the other in 5% yield, together with a small quantity of an incompletely 
characterised third product, m. p. 124—126°, corresponding to such an ester which had been 
dehydrated. Addition reactions at the CO group at position 17 involving, e.g., hydrogen, 
Grignard reagents, potassium acetylide, osmium tetroxide, or perbenzoic acid are known to 
proceed in such a way that the chief product results from the entering group’s coming from 
behind the molecule (cf. Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,”’ 
Reinhold Publ. Corpn., New York, 1949, p. 410; Gallagher and Kritchevsky, ]. Amer. Chem. 
Soc., 1950, 72, 882), so that Lardon and Reichstein’s main product probably has a 6- 
hydroxyl group at C,,7). 

During the present work this Reformatsky reaction has been investigated under various 
conditions. Ethyl «-iodopropionate has been found to give higher yields than the bromo- 
ester. Reaction in dioxan was tried under the conditions used by Greenhalgh, Henbest, 
and Jones (/., 1951, 1190) but, as sometimes happens in this solvent (Ruzicka, Reichstein, 
and Fiirst, Helv. Chim, Acta, 1941, 24, 76), dehydration occurred: two products were 
isolated, one of which appeared to be identical with the compound, m. p. 124—126°, 
obtained by Lardon and Reichstein (Joc. cit.). The best yields for the Reformatsky reaction 
were achieved by using ethyl «-iodopropionate in benzene: four compounds were isolated 
in addition to dehydroepfiandrosterone. One of the products was the dehydrated com- 
pound, m. p. 124—126°, and the others are three of the possible hydroxy-esters. The 
main product (32%) was Lardon and Reichstein’s 17$-hydroxy-compound which, for 
reasons to be given later, is considered to be methyl ester of 38-acetoxy-17£-hydroxy-208- 
pregn-5-en-20-oic acid (II). Neither of the other two esters is identical with Lardon and 
Reichstein’s second hydroxy-ester. The chief product (II) and one of the minor ones (III) 
give, on dehydration, the same two acids (VII and VIII). One of these is 38-acetoxy-208- 
pregna-5 : 16-dien-20-oic acid (VII), which shows that the original hydroxy-acids have 
the same configuration at Cig) and differ only at Cq,. Hydrogenation of the methyl ester 
of this diene gives methyl 36-acetoxybisnora//ocholanoate (X), which shows that the 
configuration at Cp) in all these compounds is that of the natural steroids. The second 
diene obtained in the dehydration has an ultra-violet absorption spectrum very similar to 
that of «-cyclohexylidenepropionic acid and different from that of the other diene—in 
particular there is the peak at 224 mu characteristic of «8 unsaturated acids—and is, there- 
fore, regarded as 38-acetoxypregna-5 : 17(20)-dien-20-oic acid. No experimental evidence 
is available to decide whether it has the cis- or the ¢rans-configuration, but inspection of 
molecular models shows that in the compound with the carboxyl group cts to the nucleus 
there is considerable hindrance of the carboxyl group by the atoms at C,45) and Cy), whereas 
in the trans-form there is comparative freedom. Consequently it is likely that the 
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compound obtained is the trans-20-oic acid (VIII). Hydrogenation in acetic acid over 
Adams platinum catalyst gives methyl 38-acetoxybisnorallocholanoate (X). If in this 
reaction cis-addition of hydrogen at Cqz and Cyg9) proceeds from behind the molecule, 
as is to be expected from work by Linstead, Doering, Davis, Levine, and 
Whetstone (J. Amer. Chem. Soc., 1942, 64, 1985), then the resulting product will 
have the 6-configuration at Cy9)._ This provides additional evidence that the configuration 
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is 8 at Cig) in the natural steroids. Considerable evidence has already accumulated for 
this view, notably from the work of Wieland and Miescher (Helv. Chim. Acta, 1949, 32, 
1922), Gallagher and Kritchevsky (loc. cit.), and Ryer and Gebert (J. Amer. Chem. Soc., 
1952, 74,41). It follows that the main product of the Reformatsky reaction is 38-acetoxy- 
178-hydroxy-208-pregn-5-en-20-oic acid (II) and that the minor product, whose 
dehydration has now been examined, is the 17«-hydroxy-epimer (III). 

The two remaining hydroxy-acids, one obtained by Lardon and Reichstein and the other 
during the present work, are the 20c-epimers. Bergmann and Low (J. Org. Chem., 1947, 
12, 67) have pointed out that 208-compounds are slightly more dextrorotatory than the 
20a-epimers in the case of the 3-hydroxynorallocholanic acids and their derivatives; the 
average difference in [M], is +14°. Similarly, three of the four 3 : 12-dihydroxybis- 
norcholanic acid derivatives are more dextrorotatory than the 20«-epimers. The specific 
rotations recorded by Lardon and Reichstein show that their major product is the more 
dextrorotatory, the [M], being +17°. Consequently, the second hydroxy-acid isolated 
by Lardon and Reichstein is tentatively considered to be 3-$-acetoxy-17$-hydroxy-20«- 
pregn-5-en-20-oic acid (IV). The remaining isomer, isolated in our work is, by elimination, 
38-acetoxy-17a-hydroxy-20«-pregn-5-en-20-oic acid (V). 

The dehydrated ester, m. p. 124—126°, was considered by Lardon and Reichstein to be 
a 5: 17(20)-diene. Its ultra-violet absorption spectrum has now been found to be similar 
to that of 38-acetoxy-208-pregna-5 : 16-dien-20-oic acid, without the characteristic peak of 
an «f-unsaturated acid. Consequently this compound is formulated as methyl 38-acetoxy- 
20a-pregna-5 : 16-dien-20-oate. 

Reduction of methyl 36-acetoxy-208-pregna-5 : 16-dien-20-oate by lithium aluminium 
hydride, followed by acetylation, gives 206-pregna-5 : 16-diene-38 : 22-diol diacetate (IX), 
which also results from the similar reduction, followed by partial acetylation 
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and dehydration of methyl 3$-acetoxy-17$-hydroxy-208-pregn-5-en-20-oate (II). This 
confirms the structure proposed by Lardon and Reichstein for the compound they obtained 


in a similar manner. 


EXPERIMENTAL 


Unless specified, the light petroleum used had b. p. 40—60°. During the isolation of 
products, ethereal solutions were purified by washing them with dilute hydrochloric acid and/or 
aqueous sodium carbonate (5%), then with water, and were dried (Na,SO, or CaCl,) before 
evaporation. 

Reformatsky Reactions between Dehydroepiandrosterone Acetate and Ethyl «-Halogeno- 
propionates.—(1) With ethyl a-iodopropionate in benzene. Activated zinc (10 g.) was added to 
dehydroepiandrosterone acetate (10 g.) in dry benzene (50 ml.) (moisture excluded). Some 
benzene (10 ml.) was distilled off and then about a fifth of a solution prepared from ethyl «-iodo- 
propionate (16 g.), pyridine (4 drops), and benzene (10 ml.) was added. The remainder of the 
iodo-ester solution was added gradually during 1 hr., together with two further amounts of 
activated zinc (1 g. each). When addition was complete the reactants were boiled for another 
hour and then cooled. Hydrochloric acid (200 ml., 20%) was added and the benzene layer was 
separated. The aqueous phase was extracted with ether and the extracts were added to the 
benzene. The benzene-ether solutions, while being washed with aqueous sodium carbonate, 
deposited the solid sodium salt of an acid (5%), which was filtered off. An aqueous suspension 
of this salt was acidified. The ethereal extract of this was washed and dried before addition of a 
solution of diazomethane (0-3 g.) in ether (15 ml.) toit. Next morning the ether was evaporated 
and the residue (0-5 g.) was purified by chromatography on alumina from light petroleum— 
benzene (3: 2). Elution with benzene gave, after recrystallisation from ether—light petroleum, 
the dehydrated compound regarded as methyl 38-acetoxy-20«-pregna-5 : 16-dien-20-oate (0-2 g.) 
m. p. 122—124° (Found: C, 77-2; H, 9-4. Calc. for C,,H,;,0;: C, 77-1; H, 9-5%). Lardon 
and Reichstein (loc. cit.) record m. p. 124—126°. 

The above benzene-ether solution was evaporated. The residue was boiled for 30 min. with 
potassium hydroxide (10 g.) in methanol (90 ml.). The cooled solution was poured into water 
and extracted with ether. From the extracts there was isolated dehydroepiandrosterone (56%). 
Acidification of the aqueous-methanolic alkaline solution precipitated a crude acid (26%) which 
was filtered off, dried im vacuo, and recrystallised from acetone. This was 38 : 176-dihydroxy- 
208-pregn-5-en-20-oic acid (1-15 g.), m. p. 229—-232°, for which Lardon and Reichstein (loc. cit.) 
record m. p. 230—234°. The mother-liquors from these recrystallisations were evaporated, and 
the residue was methylated in ether with diazomethane. Evaporation of the washed ethereal 
solution left a residue which was acetylated in pyridine (10 ml.) with acetic anhydride (5 ml.) 
for 18 hr. at room temperature. The pyridine solution was extensively diluted with water and 
the resulting solid was dissolved in ether. Evaporation of the washed and dried solution left a 
gum (2-3 g.) which was chromatographed on alumina from light petroleum—benzene (6: 1). 
Elution with light petroleum—benzene (2:1) gave, after recrystallisation from methanol, 
methyl 38-acetoxy-17a-hydroxy-208-pregn-5-en-20-oate (0-5 g.), m. p. 149—150-5°, [a]? —45-7° 
(c, 0-62 in CHCl,) (Found: C, 71-2; H, 9-2. C,;H;,0,; requires C, 71-7; H, 9-1%). 

Elution of the column with benzene gave an oil (0-35 g.) which was rechromatographed from 
light petroleum—benzene (5:1). Elution with benzene followed by two recrystallisations from 
methanol gave methyl 3B-acetoxy-17«-hydroxy-20«-pregn-5-en-20-oate (0-05 g.), m. p. 154—155° 
(Found: C, 71-3; H, 9-1%). 

Further elution of the column with benzene-ether (10: 1 —» 1: 1) gave, after recrystallis- 
ation from acetone, methyl 3$-acetoxy-176-hydroxy-208-pregn-5-en-20-oate (0-45 g.), m. p. 
198—201°, [a]? —62-5° (c, 1-0 in COMe,), for which Lardon and Reichstein record m. p. 201— 
204°, [«]? —67°. 

(2) With ethyl a-bromopropionate in benzene. About half of a solution of freshly distilled 
ethyl «-bromopropionate (6 g.) in dry benzene (10 ml.) and pyridine (4 drops) was added to 
activated zinc (2 g.) and dehydroepiandrosterone acetate (2 g.) in boiling dry benzene (10 ml.). 
After reaction started zinc (1 g.) was added, followed gradually by the rest of the benzene 
After boiling for 2 hr. more the reactants were cooled, hydrolysed with dilute hydro- 
The solid sodium salt was again obtained. The residue 
The neutral 


solution. 
chloric acid, and extracted with ether. 
from the ethereal solution was treated with methanolic potassium hydroxide. 
fraction contained unchanged starting compound (1-47 g., 82%), whilst the acid fraction yielded 


the crude acid (0-3 g., 12%) obtained in (1). 
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(3) With ethyl a-iodopropionate in benzene-ether. This was carried out similarly and gave 
unchanged starting compound (62%) together with lower yields of the compounds described 
in (1). 

(4) With ethyl «-iodopropionate in dioxan. Activated zinc (6 g.) was added to a solution of 
dehydroepiandrosterone acetate (6 g.) in dry dioxan (100 ml.). Dioxan (40 ml.) was distilled off 
and ethyl «-iodopropionate (6 g.) was added. Three further quantities of zinc (1 g.) and of 
iodo-ester (2 g.) were added at 30-min. intervals and then the solution was refluxed for 30 min. 
more. When cold, the products were hydrolysed with 20% hydrochloric acid (200 ml.). 
Dehydroepiandrosterone (2-5 g., 48%) and two crude reaction products were isolated by 
extraction with benzene. One of the reaction products was methylated with diazomethane and 
purified chromatographically, to give methyl 38-acetoxy-20a-pregna-5 : 16-dien-20-oate, m. p. 
alone and mixed with the compound prepared as in (1), 122—124°. No other crystalline 
substances were obtained from the column. The second product was methylated with diazo- 
methane and then acetylated with acetic anhydride in pyridine. The resulting gum (1-5 g.), 
purified by chromatography from light petroleum—benzene solution (3: 1), followed by elution 
with benzene-ether, yielded the acetate of the methyl ester of an unsaturated acid; this had 
m. p. 158—159° (Found: C, 74:7; H, 9-5, (C,,H3,O, requires C, 75-0; H, 9-0%). This 
compound (0-05 g.) was deactylated to give a compound, m. p. 226—228°. 

Preparation of Methyl 38-Acetoxy-178-hydroxy-208-pregn-5-en-20-oate.—Reaction of 38 : 178- 
dihydroxy-208-pregn-5-en-20-oic acid (1-1 g.) with diazomethane in ether suspension yielded, 
after recrystallisation from acetone, methyl 38 : 178-dihydroxy-208-pregn-5-en-20-oate (1-1 g.), 
m. p. 182—183°, [a]? —58° (c, 1-5 in COMe,). Lardon and Reichstein (loc. cit.) record m. p. 
182—183°, [«]? —61°. The ester was left overnight at room temperature in pyridine (9 ml.) 
containing acetic anhydride (3 ml.), The solution was poured into water and the resulting 
solid, recrystallised from acetone, was methyl 38-acetoxy-17$-hydroxy-208-pregn-5-en-20-oate 
(1 g.), m. p. 198—201° alone or admixed with the compound obtained directly from the 
Reformatsky reaction. 

Dehydration of Methyl 3B-A cetoxy-178-hydroxy-208-pregn-5-en-20-oate.—The ester (0-4 g.) was 
boiled under reflux for 30 min. in pyridine (20 ml.) containing phosphorus oxychloride (1 ml.). 
The cold solution was poured into water, and the solid which separated was extracted with ether. 
The residue (0-31 g.), left after evaporation of the ether, was chromatographed on alumina from 
light petroleum. Elution of the column with benzene-light petroleum (1: 10 — 1: 1) gave, 
after recrystallisation from methanol, methyl 38-acetoxy-208-pregna-5 : 16-dien-20-oate (0-21 g.), 
m. p. 116—117°, [«]?? —34° (c, 0-8 in CHCI,) (Found: C, 74:5; H, 9-2. C,,H,,O, requires 
C, 75-0; H, 90%). Elution of the column with benzene gave, after recrystallisation from 
methanol, methyl 38-acetoxypregna-5 : 17(20)-dien-(? trans-)20-oate (0-05 g.), m. p. 160—162° 
(Found: C, 75- é 

Dehydration of Methyl 38-Acetoxy-17a.hydroxy-208-pregn-5-en-20-oate.—Dehydration of this 
ester (0-4 g.) was carried out as described above : the crude product (0-35 g.) was chromatographed 
on alumina from light petroleum. Elution of the column with benzene-light petroleum (1 : 5) 
gave the same compounds as in the previous experiment, but the amounts were 0-05 g. and 
0-25 g. respectively. 

Deacetylation of Methyl 38-Acetoxy-208-pregna-5 : 16-dien-20-oate.—Catalytic deacetylation of 
this compound with sodium in methanol gave, after recrystallisation from methanol, methyl 
36-hydroxy-208-pregna-5 : 16-dien-20-oate, m. p. 113—114° (Found: C, 76-8; H, 10-1. 
C,3H,,0, requires C, 77-1; H, 9-5%). 

Preparation of 208-Pregna-5 : 16-diene-38 : 22-diol Diacetate——A solution of methyl 36- 
acetoxy-17$-hydroxy-208-pregn-5-en-21-oate (0-28 g.) in ether (30 ml.) was mixed with lithium 
aluminium hydride (0-5 g.) in ether (30 ml.) and left for 30 min. After the washing, the ethereal 
layer was evaporated. The residue was left overnight at room temperature in pyridine (2 ml.) 
containing acetic anhydride (1 ml.) and then poured into water. Extraction with ether, 
followed by evaporation and recrystallisation of the residue from ether—light petroleum (b. p. 
60—80°), gave 206-pregn-5-ene-36 : 178 : 22-triol 3: 22-diacetate (0-08 g.), m. p. 160—161°, 
[a]?? —54-9° (c, 0-7 in CHCl,), for which Lardon and Reichstein (/oc. cit.) record m. p. 162—163°. 
A solution of this compound in pyridine (5 ml.) containing phosphorus oxychloride (0-5 ml.) was 
refluxed for 30 min. When cold the solution was diluted with water, and the solid which 
separated was extracted with ether. The residue, left on evaporation of the ether, was 
chromatographed on alumina from light petroleum (b. p. 40—60°). Elution with benzene 
afforded 208-pregna-5 : 16-diene-38 : 22-diol diacetate (0-03 g.), which after recrystallisation from 
methyl alcohol had m. p. 112—114°. Lardon and Reichstein (loc. cit.) record m. p. 114—116°. 
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The same compound was obtained by the reduction of methyl 38-acetoxy-206-pregna-5 : 16- 
dien-20-oate with lithium aluminium hydride. 

Hydrogenation of Methyl 3B-Acetoxy-208-pregna-5 : 16-dien-20-oate and of Methyl 38-Acetoxy- 
pregna-5 : 17(20)-dien-(? trans)-20-oate.—No reduction took place on use of hydrogen with Raney 
nickel catalyst for 2 hr. at atmospheric temperature and pressure. 

Adams platinum oxide catalyst (0-1 g.) was added to a solution of methyl 38-acetoxy-208- 
pregna-5 : 16-dien-20-oate (0-09 g.) in acetic acid (10 ml.). No further hydrogen was absorbed 
after 2 hr.’ shaking, so the solution was diluted with water and the precipitated solid 
was dissolved in ether. Recrystallisation of the residue obtained on evaporation of the ether 
gave methyl 36-acetoxybisnorallocholanoate (0-04 g.), m. p. 130—131°, mixed m. p. with an 
authentic specimen (m. p. 129—130°) 129—130°. 

A small quantity of the product was deacetylated and gave methyl 38-hydroxybisnorallo- 
cholanoate, m. p. 152—154°, for which Bergmann and Low (J. Org. Chem., 1945, 10, 570) record 
m. p. 153—156°. 

Hydrogenation of methyl 38-acetoxypregna-5 : 17(20)-dien-(? trams)-20-oate (0-03 g., m. p. 
152—154°) under similar conditions afforded methyl 3$-acetoxybisnorallocholanoate (0-015 g.), 
m. p. 124—127°, m. p. mixed with an authentic specimen, 124—130°. 


The authors thank Dr. K. Miescher for a sample of methyl 38-acetoxybisnorallocholanoate, 
and the Department of Scientific and Industrial Research for the award of a maintenance 
allowance (to W. J. P.) during part of the time when this work was carried out. 
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Studies on Seed Mucilages. Part VI.* The Seed Mucilage 
of Plantago arenaria. 


By E. L. Hirst, (the late) E. G. V. PeRcIvAL, and CLARE B. WYLAM. 
[Reprint Order No. 4672.] 


The mucilage from P. arenaria seeds is an acidic polysaccharide which 
gives on partial hydrolysis xylose (12 parts), arabinose (3 parts), galactose 
(1 part), and 2-O-a-p-galacturonosyl-L-rhamnose (1 part). Acetylation, 
deacetylation, and methylation gave a derivative which on hydrolysis yielded 
2:3: 4-tri-O-methyl-, 2: 3-di-O-methyl-, 2: 4-di-O-methyl-, 2-O-methyl-, 
and some unsubstituted p-xylose, 2 : 3 : 5-tri-O-methyl- and 2 : 5-di-O-methyl- 
L-arabinose, and 2:3: 4: 6-tetra-O-methyl-p-galactose. No methylated 
galacturonic acid or rhamnose derivatives were recovered. 


SomE confusion has existed concerning the identity of seeds of the Plantago species (see 
Part III, J., 1949, 1600), especially those classed as light and dark “ psyllium,” which 
have now been identified as P. ovata Forsk and P. arenaria respectively. The present 
investigations have been carried out on seeds which were identified botanically as P. 
arenaria. 

A preliminary study of the mucilage from P. arenaria seeds (Nelson and Percival, 
Part II, J., 1942, 58) showed that on hydrolysis it gave D-xylose, L-arabinose, D-galactose, 
and an aldobiuronic acid, thought to be composed of p-galacturonic acid and D-xylose. 
Hydrolysis of the methylated mucilage yielded 2 : 3 : 4-tri-O-methyl-p-xylose, 2: 3 : 4: 6- 
tetra-O-methyl-p-galactose, 2-O-methyl-p-xylose, and a mixture considered to be composed 
chiefly of 3 : 4-di-O-methylxylose, since the amide of the corresponding aldonic acid gave 
a positive Weerman test and the acid on further oxidation yielded an optically active 
hydroxydimethoxyglutaric acid. This dimethyl fraction also yielded a dimethylpentose 
aniline derivative which had m. p. 170°, [a]! —74° in acetone; it was then thought that 
this was an arabinose derivative, but it is now highly probable that the substance was 
2 : 4-di-O-methyl-N-phenylxylosylamine which has m. p. 170°, [a]? —82° in dioxan 
(Barker, Hirst, and Jones, J., 1946, 783). 

* Part V, J., 1950, 528. 
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In the present series of experiments, the mucilage was extracted from the seeds with 
cold water, after which no further material could be obtained by extraction of the seeds 
with hot water. The acidic polysaccharide was obtained by precipitation in acidified 
alcohol, and, although some of the arabinose residues are easily removed in acid conditions, 
quantitative hydrolysis of the polysaccharide in both its free acid and salt forms showed 
that this method of precipitation had left the molecule intact. 

The polysaccharide contained 80% of anhydropentose and 7:2% of uronic anhydride. 
The equivalent was found by titration to be 1700, compared with a value of 2450 based 
on the uronic anhydride content, the latter being considered to be the more accurate. 
Hydrolysis with 3% oxalic acid yielded xylose (62%), arabinose (17%), galactose (6%), 
an aldobiuronic acid (13%), and an insoluble residue (2%), which appeared to be a mixture 
of cellulose and lignin. The aldobiuronic acid was shown to be 2-O-a-D-galacturonosyl- 
.-rhamnose by methylation, hydrolysis, and identification of equimolecular proportions 
of 2:3:4+tri-O-methyl-p-galacturonic acid and 3:4di-O-methyl-t-rhamnose. The 
aldobiuronic acid previously isolated as the barium salt by Nelson and Percival (loc. cit.) 
has now been found by paper chromatography to give rhamnose on hydrolysis, after a 
preliminary mild hydrolysis to remove contaminating xylose. The above structure for 
the aldobiuronic acid is not in agreement with that published by Hostettler and Deuel 
(Helv. Chim. Acta, 1951, 34, 2440) who isolated by acid hydrolysis of P. arenaria mucilage 
a product which on methylation and hydrolysis yielded 2 : 3 : 4-tri-O-methyl-p-galacturonic 
acid and 2 : 3-di-O-methyl-p-xylose. However these authors are now in agreement with 
our results (personal communication). 

Acetylation of the mucilage gave a derivative which was fractionated with acetone— 
chloroform (1:1) to give a soluble portion X and an insoluble portion Y. The uronic 
anhydride contents of these products indicated that a partial loss of uronic acid had been 
suffered during the acetylation process. The acetates X and Y were deacetylated and 
methylated separately to give two main fractions, A and C respectively. Both of these 
products on hydrolysis yielded a complex mixture of the same methylated reducing sugars 
which were separated by partition chromatography on columns of cellulose with light 
petroleum—butanol saturated with water as mobile phase. 

2:3:4-Tri-O-methyl-p-xylose, 2:3: 5-tri-O-methyl-L-arabinose, 2:3: 4: 6-tetra-O- 
methyl-p-galactose, 2: 3-di-O-methyl-p-xylose, 2: 4-di-O-methyl-p-xylose, and 2-0- 
methyl-D-xylose were identified by isolation of the sugars or derivatives in crystalline 
form. 2: 5-Di-O-methyl-1-arabinose was isolated as a syrup and identified as the crystal- 
line phenylhydrazide of the corresponding 2 : 5-di-O-methyl-L-arabonic acid. This sugar 
has been isolated from the hydrolysis products of methylated arabic acid (Smith, J., 1940, 
1035) and methylated cherry gum (Jones, J., 1947, 1055) but has not been reported so 
far among the methylated products of the Plantago mucilages. However it now seems 
certain that a sugar, thought to be a 2: 6-di-O-methylaldohexose, isolated from the 
hydrolysate of methylated P. ovata mucilage (Laidlaw and Percival, Part V, J., 1950, 
528) was in fact 2: 5-di-O-methyl-t-arabinose. Among the similar properties possessed 
by the products isolated from P. arenaria and P. ovata are the specific rotations ([«], —18° 
and —19°), and the brownish-black colour produced on spraying with aniline oxalate on the 
paper chromatogram (as distinct from the usual pink colour given by pentose derivatives). 
The amides of the corresponding aldonic acids also had identical analytical data and 
melting points, and the course of hydrolysis of the syrupy lactones was the same (([«],, 

51° —» — 32°, —50° —» — 33°) (cf. Smith, J., 1939, 744). 

Contrary to earlier findings, no 3: 4di-O-methylxylose could be identified among 
the methylated products of the mucilage. However, there was present in the syrupy 
2 : 3-di-O-methyl-p-xylose fractions [(e) and (p)] another di-O-methylpentose, thought to 
be an arabinose derivative, since fraction (e) on demethylation yielded arabinose as well 
as xylose. The syrupy amide derived from the aldonic acid of fraction (e) gave a positive 
Weerman test, suggesting that the sugar obtained by Nelson and Percival (see above) 
which yielded on oxidation an optically active hydroxydimethoxyglutaric acid was not in 
fact 3 : 4-di-O-methylxylose, but was probably 3 : 4-di-O-methylarabinose. 

Small amounts of unsubstituted xylose were found among the methylated products 
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of the mucilage, but this may have arisen as the result of incomplete methylation or 
demethylation during acid hydrolysis and cannot be said with certainty to have any 
structural significance for the molecule. Three other methylated derivatives were present 
in small amounts but were not identified. Two of these gave a brown colour with aniline 
oxalate on the paper chromatogram, and from their positions (Rg 0-58 and 0-50) it is 
possible that they were either dimethylgalactose or monomethylpentose derivatives. The 
third sugar had Rg 0-24 and gave a pink colour with aniline oxalate; this was probably 
a monomethylpentose derivative. These residues must be triply-linked in the molecular 
structure of the mucilage and constitute some of the branch-points. 

No trace of any methylated derivatives of either rhamnose or galacturonic acid was 
found among the hydrolysis products of the methylated mucilage. It is interesting that 
a similar disappearance of the aldobiuronic acid residues was also encountered during the 
study of the mucilages from both P. ovata and P. lanceolata. Since aldobiuronic acid 
residues are themselves stable during methylation it is possible that in the Plantago 
mucilages either (a) the aldobiuronic acid is attached to the rest of the molecule by an 
alkali-sensitive linkage, or (6) the mucilage consists of a neutral portion with an associated 
short-chain polyuronide. These possibilities were tested by a study of the alkali lability 
of the mucilage. The acetylated mucilage from P. arenaria was deacetylated with sodium 
methoxide and the resulting product was separated by sedimentation in alcohol into a 
fibrous material, which contained little or no uronic acid, and a gelatinous precipitate 
which gave a positive naphtharesorcinol test. Furthermore, the action of 2N-sodium 
hydroxide on the mucilage itself, followed by electrodialysis, was found to reduce the 
uronic anhydride content from 7-2% to 2.5%, removing an anion which gave a positive 
naphtharesorcinol test. On the other hand, electrodialysis of the untreated mucilage 
failed to remove any uronic acid. These results lend support to (a) and it seems possible 
that the galacturonic acid residue is attached to another residue in the molecule by a 
linkage of the ester type. 

It was obvious that fraction A was incompletely methylated, since it yielded on 
hydrolysis a very high proportion of monomethyl pentose derivatives. However, on the 
basis of the quantitative evidence obtained from fraction C, it is possible to present the 
following figures for the sugar derivatives obtained from the methylated degraded mucilage : 
2:3:4-tri-O-methyl-p-xylose (10 parts), 2:3: 5-tri-O-methyl-L-arabinose (1 part), 
2:3:4:6-tetra-O-methyl-p-galactose (2 parts), 2: 3-di-O-methyl-D-xylose (6 parts), 
2 : 4-di-O-methyl-p-xylose (3 parts), 2 : 5-di-O-methyl-L-arabinose (2 parts), 2-O-methy]- 
D-xylose (8 parts), D-xylose (1 part), and unidentified derivatives (2 parts). 

The monomethylpentose derivatives recovered from the methylated mucilage must 
have arisen from residues which are triply-linked in the molecule. From the high pro- 
portion of these it is clear that the mucilage possesses a very highly branched structure, 
for which it is at present impossible to put forward a unique molecular formula. Never- 
theless, the presence of the following sugar residues in the molecule has definitely been 
established : 


D-AYM Divina bone RVD oon ok 60 e SAPD L ccess 
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The residue D-GalpA-2 L-Rhap may also be a structural feature of the molecule, or 
may be part of an associated polyuronide, since there is still some doubt concerning 
the homogeneity of the mucilage. 


EXPERIMENTAL 


Evaporations were carried out at 40° under reduced pressure unless otherwise stated, and 
temperatures quoted are bath-temperatures. 

In paper chromatographic studies the unsubstituted sugar mixtures were separated by 
elution with ethyl acetate—acetic acid—water (3: 1: 3 v/v) (solvent A) (Jermyn and Isherwood, 
Biochem. J., 1949, 44, 402) and methylated sugar mixtures with n-butanol-ethanol—water— 
ammonia (40: 10:49: 1 v/v) (solvent B) (Partridge, Nature, 1946, 158, 270) unless otherwise 
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stated. The Rg values quoted are those observed in the latter solvent. All sugars were 
located by spraying the paper with an aqueous solution of aniline oxalate (Horrocks and Manning, 
Lancet, 1949, 256, 1042). 

The fractions obtained from the cellulose columns after removal of the solvent were dis- 
solved in water and digested with charcoal, and the solutions were filtered and evaporated to 
dryness; the residues were exhaustively extracted with boiling acetone (unless otherwise 
stated), and the extracts filtered, evaporated, and dried in vacuo over phosphoric oxide. 

Extraction of the Mucilage-—P. arenaria seeds (1 kg.) were soaked in water (16 1.) at room 
temperature for 48 hr. with occasional stirring. The viscous solution was separated from the 
seeds by filtration through muslin or by the use of a filter press and the seeds were re-extracted 
with 4—5 1. of water. The mucilage, precipitated by pouring the extracts into vigorously 
stirred alcohol (3 vols.) was dried by means of alcohol, and then ether, and finally im vacuo over 
phosphoric oxide, to give a white fibrous product in ca. 3% yield (Found: ash, 5-3; sulphated 
ash, 6:0%). 

This material (1 g.) was hydrolysed with oxalic acid (3%; 50 c.c.) at 95—100° for 6 hr., 
and the solution neutralised with barium carbonate and filtered. After evaporation to ca. 
10 c.c. the solution was poured into alcohol (250 c.c.), giving a white precipitate of a barium 
salt. Evaporation of the alcohol yielded a syrup (0-50 g.) which was dissolved in water, passed 
through two columns containing Amberlite resins [R-100 and IR-4B respectively, and evaporated 
to small volume. The sugars in this solution were separated by paper chromatography, eluted 
with cold water (Laidlaw and Reid, Nature, 1950, 166, 476), and estimated by the Somogyi 
arsenomolybdate method (Nelson, J. Biol. Chem., 1944, 158, 375; Duff and Eastwood, Nature, 
1950, 165, 848) (Found: xylose, 72-3; arabinose, 20-5; galactose 7:2%). 

Preparation of the Acid Mucilage.—Precipitation of the mucilage with 4% alcoholic hydrogen 
chloride gave an acid polysaccharide which was freed from chloride by trituration with alcohol 
(Found: ash, 1:2%; equiv., by titration, ca. 1700; uronic anhydride, 7:2; pentosan, 80%). 
This material was used in all the subsequent investigations. 

Autohydrolysis of the Mucilage.—The mucilage (0-3 g.) in water (25 c.c.) was heated at 95— 
100° for 24 hr. The solution was neutralised with barium carbonate, filtered, evaporated to 
ca. 5 c.c., and poured into alcohol (400 c.c.). The white precipitate was removed by centri- 
fugation, and the alcoholic solution evaporated to a syrup which was shown by paper chromato- 
graphy to be arabinose. 

Acid Hydrolysis.—The mucilage (10-00 g.) was heated at 95—100° with oxalic acid (3%; 
250 c.c.), the following changes being observed : [«]}¥ +20° (2hr.); +34° (3hr.); +39° (4 hr.) ; 
+46° (5 hr., constant). The brown insoluble residue (0-1950 g.) was removed by filtration 
through a sintered-glass crucible (porosity 3), and the filtrate neutralised with barium carbonate, 
filtered, and evaporated to ca. 50 c.c. After removal of a trace of inorganic material, the 
solution was poured into ethanol (1500 c.c.), giving a white barium salt P (0-649 g.) which was 
removed by centrifugation. Evaporation of the alcoholic solution yielded a reducing syrup 
Q (3-686 g.). The syrup Q was dissolved in water and de-ionised, and the sugars present were 
estimated as before, after separation by paper chromatography (Found: xylose 72-6; arabinose 
20-2; galactose 7-1%). 

The insoluble residue (0-2 g.) with 72% sulphuric acid (Monier-Williams, J., 1921, 119, 803) 
yielded a reducing syrup, shown by paper chromatography to be glucose, and a brown residue 
of apparently unchanged material. 

Isolation of a Barium Aldobiuronate.—The mucilage (150 g.) was hydrolysed with 3% oxalic 
acid for 12 hr. and treated as above to give the barium salt P. This was heated at 95—100 
with 2% sulphuric acid for 7 hr. and the barium salt precipitated as before; the alcoholic 
washings were shown by paper chromatography to contain a little xylose, arabinose, and 
galactose. After a further treatment with 2% sulphuric acid for 5 hr. the washings contained 
only a trace of xylose and a little rhamnose, and the pure barium salt of an aldobiuronic acid 
(20 g.) was obtained as a white powder, [«]}§ + 65° (c, 0-3 in H,O) (Found: Ba, 16-2; CO,, 
10-6. Calc. for C;,H,,0,,Ba}$: Ba, 16-8; CO,, 10-8%). 

Treatment of the Mucilage with Alkali.—The mucilage (ca. 2 g.) was heated with 2N-sodium 
hydroxide (120 c.c.) at 100° for 15 min. and the solution then left at room temperature for 16 hr. 
The solution was neutralised with acetic acid, diluted, and dialysed in a Cellophane bag against 
running water for 5 days. The solution was then evaporated to small volume and poured 
into methanol to give a fibrous product (uronic anhydride content, 4:3%). 

A fresh portion of the mucilage was set aside in 2N-sodium hydroxide for 1 week. The 
solution was neutralised with dilute sulphuric acid, and removal of the uronic acid component 
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was attempted by electrodialysis. The membranes used were parchment (negative) and muslin 
impregnated with gelatin (positive). A potential difference of 130 v (D.C.) was applied and 
the initial current of 900 milliamp. dropped to 30 milliamp. in 1-5 hr. The solution in the 
anode compartment was evaporated to small volume and gave a positive naphtharesorcinol 
test. The electrodialysed mucilage was dialysed in a Cellophane bag for 1 week, evaporated 
to small volume, and precipitated in methanol to give a crisp brown solid (uronic anhydride 
content 2-5%). Electrodialysis of the mucilage itself effected no separation. 

Peviodate Uptake of the Mucilage—(a) The mucilage (ca. 0-4 g.) was shaken with water 
(40 c.c.), and M-sodium metaperiodate (10 c.c.) was added. At intervals portions (5 c.c.) were 
withdrawn and the periodate contents determined by the arsenite method, with the following 
results [expressed as moles of periodate consumed/equivalent (2450)]: 13-4 (1 day); 13-9 
(3 days). 

(b) The mucilage (ca. 0-4 g.) was oxidised with potassium periodate (Halsall, Hirst, and 
Jones, J., 1948, 27), and the formic acid was estimated (0-01N-sodium hydroxide) with the follow- 
ing results (expressed as moles of formic acid produced /equivalent) : 2-82 (1 day); 4-80 (5 days) ; 
5-10 (7 days); 5-60 (12 days); 5-70 (14 days, constant). 

Hydrolysis of the Periodate-oxidised Mucilage.-—The mucilage (0:2836 g.) was oxidised with 
0-2m-sodium metaperiodate (35 c.c.) for 5 days, and the solution neutralised with barium 
carbonate and filtered. Pure p-ribose (0-0964 g.) was added and the iodic acid removed by 
bubbling sulphur dioxide through the solution for 30 min. (Jayme and Satre, Ber., 1944, 77, 
242). The solution was then made 3% with oxalic acid and hydrolysed for 5 hr. at 100°, 
neutralised with barium carbonate, and filtered. Inorganic ions were removed by electro- 
dialysis (Laidlaw and Reid, J. Sci. Food and Agric., 1952, 8, 19), and the solution was evaporated 
to a syrup (0-151 g.). The sugars in the syrup were separated on a paper chromatogram and 
estimated by the Somogyi arsenomolybdate method (Found: xylose 0-18 mg.; arabinose 
0-03 mg.; ribose 0-35 mg.). This indicated that 25% of the xylose and 16% of the arabinose 
present in the mucilage had been unattacked by periodate. 

Acetylation of the Mucilage.—The mucilage (60 g.) was moistened with ethanol and dispersed 
in pyridine (900 c.c.), and acetic anhydride (750 c.c.) was added slowly with stirring. The 
mixture was heated at 95—100° for 3 hr., left at room temperature for 48 hr. and poured into 
iced water. The semi-solid mass was triturated with ice and water, then washed with running 
water for 24 hours, and dried, giving a white fibrous product (75 g.). The acetyl content 
(34-6%) of this material was unchanged on re-acetylation. Extraction of the acetate with 
boiling acetone—chloroform (1:1) gave fraction X (20%) {(Ac, 37-4%; [«]i?7 —195° in CHC], ; 
uronic anhydride, 23%); njp./¢ 8-5 (in m-cresol; c as g. per 100 c.c. of solution)}, leaving an 
insoluble material, fraction Y (80%) (Ac, 30-2; uronic anhydride, 3-9%). 

The unfractionated acetate (1 g.) was dispersed in chloroform (15 c.c.). The mixture was 
cooled to 0° and a solution of 0-05 g. of sodium in 5 c.c. of methanol was added (Zemplén and 
Pacsu, Ber., 1929, 62, 1613). The mixture was shaken for 4 hr. at room temperature, and 
ice-water (5 c.c.) added, followed by acetic acid (10%; 1lc.c.) and water (10c.c.). The mixture 
was poured into methanol (200 c.c.) from which two precipitates, G and H, were separated. 
The product G was a grey fibrous material which was hydrolysed with 3% oxalic acid solution 
to a syrup, shown by paper chromatography to contain xylose, arabinose and galactose. The 
syrup was completely soluble in alcohol and thus contained no uronic acid. Therefore, since 
the mucilage suffered only partial loss of uronic acid during the acetylation, the remaining 
uronic acid (ca. 3-5%) must have been removed under the alkaline conditions of the deacetyl- 
ation. Investigation of material H, a fine gelatinous white precipitate, indicated that it was 
probably the sodium salt of the aldobiuronic acid. It gave astrongly positive naphtharesorcinol 
test and on treatment with Amberlite resin IR-100 yielded an acid (0-0177 g.) which was 
titrated with 0-005N-sodium hydroxide (Found: equiv., 282. Calc. for Cy.H»90,,: equiv., 
340). 

Identification of the Barium Aldobiuronate.—Hydrolysis of the barium aldobiuronate (0-5 g.) 
with sulphuric acid (9%; 20 c.c.) at 100° for 20 hr. gave a brown solution which was diluted, 
neutralised with barium carbonate, and filtered. The solution was digested with charcoal, 
filtered, and evaporated, giving a white residue which was extracted with hot methanol. The 
methanol extracts yielded a syrup which was shown by paper chromatography to be rhamnose. 
The residue was shaken in water with Amberlite resin [R-100, and the solution shown by paper 
chromatography to contain galacturonic acid. 

A syrupy calcium aldobiuronate prepared from P. avenaria by Nelson and Percival (loc. cit.) 
was treated with Amberlite resin IR-4B. Examination on a paper chromatogram showed that 


H 
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the calcium salt was contaminated with a large amount of xylose and some arabinose and 
galactose. When the calcium aldobiuronate was hydrolysed with 9% sulphuric acid and treated 
as the above barium aldobiuronate, the alcoholic extract on the paper chromatogram gave a 
dense spot of rhamnose with some xylose, arabinose, and galactose. 

Oxidation of the barium salt (1 g.) by Heidelberger and Goebel’s method (J. Biol. Chem., 
1927, 74, 616) gave mucic acid, m. p. 215° (decomp.), mixed m. p. with an authentic specimen, 
214° (decomp.). After removal of the mucic acid, the aqueous mother-liquor was neutralised 
with silver carbonate, silver removed as sulphide, and the solution evaporated to a partly 
crystalline syrup. This was heated with phenylhydrazine in ethanol at 80° for 2 hr. and, on 
cooling, crystals of rhamnonic phenylhydrazide separated. After recrystallisation from absolute 
alcohol these had m. p. 193°, [«]}7 +17° (c, 1-1 in H,O). 

Methylation of the barium salt (12 g.) was carried out 4 times by the Haworth method at 
room temperature. After each methylation the solution was set aside overnight, heated at 
100° for 4 hr., cooled, and then neutralised with concentrated sulphuric acid. The slightly 
acid solution was extracted with chloroform, and the extracts were dried (Na,SO,) and evaporated 
to asyrup. The product was methylated twice with the Purdie reagents and then with diazo- 
methane in ether for 14 hr. at 0°. After evaporation of the diazomethane at room temperature 
the ether was evaporated to give a syrup which was distilled over barium carbonate (b. p. 
180—200°/0-05 mm.). The pale yellow distillate (0-63 g.) had mj? 1-4684 (Found: OMe, 45-6. 
Calc. for C;,H;,0,,: OMe, 49-5%). 

The syrup (0-57 g.) was hydrolysed at 100° with 2N-hydrochloric acid (25 c.c.), the following 
changes being observed: [a]j® +85° (15 min.); +77° (2 hr.); + 76° 4 hr.); +72° (10 hr., 
constant). The solution was diluted, neutralised with silver carbor.ate, and filtered, and silver 
removed as sulphide. It was then aerated, warmed with barium carbonate, filtered, and 
evaporated to dryness. The residue was extracted with boiling anhydrous ether, leaving a 
white solid R (0-21 g.). Evaporation of the ethereal extracts yielded a syrup S (0-20 g.), [a]}? 

19° (c, 2-6 in H,O), nif 1-4728 (Found: OMe, 31-8. Calc. for CgH,.0;: OMe, 32-3%). This 
travelled on the paper chromatogram at the same rate as 3: 4-di-O-methylrhamnose and 
gave no acetaldehyde on oxidation with periodic acid (Nicolet and Shinn, J. Amer. Chem. Soc., 
1941, 63, 1456). Oxidation of S (0-26 g.) with bromine in water and distillation of the product 
gave syrupy 3: 4-di-O-methyl-L-rhamnonolactone (0-07 g.), b. p. 140/160°/0-01 mm., [a]}) 

148° (10 min.), —142° (7 hr.), —126° (31 hr.), —120° (50 hr.), —117° (72 hr., constant) (c, 
0-9 in H,O). The lactone on treatment with methanolic ammonia gave a crystalline amide 
which gave a positive Weerman test. 

The residue R was oxidised with bromine in water till non-reducing (3 days). The solution 
was aerated, neutralised with barium carbonate, filtered, and evaporated to a syrup which was 
esterified at 80° with methanolic hydrogen chloride (3%; 40 c.c.) for 14 hr. The solution was 
neutralised with silver carbonate, filtered, and evaporated, and the syrup distilled (b. p. 140°/ 
0-05 mm.). The distillate, jf 1-4545, crystallised overnight at 0°. After trituration with 
ether—light petroleum (1:3) and recrystallisation from ether—light petroleum (1: 5) this had 
m. p. 100—101°, not depressed on admixture with authentic dimethyl 2: 3: 4-tri-O-methyl- 
mucate, and [a]}l¥ +28° (c, 0-9 in H,O). 

Methylated Derivative of the Mucilage.—Fractions X and Y were treated separately in 12-g. 
portions with the Haworth reagents as described by Mullan and Percival (Part I, J., 1940, 
1501) without extraction with solvents. The products obtained after four treatments were 
dissolved in chloroform, dried (Na,SO,), and fractionally precipitated by addition of light 
petroleum (b. p. 60—80°). Fraction Y yielded fractions A and B and fraction X yielded 
fractions Cand D (see Table). Further treatments with the Haworth reagents failed to increase 
the methoxyl content. 

I‘raction Yield (g.) OMe (%) [a]]4 (CHCI,) 72%/c Fraction Yield (g.) OMe (%) [a}}#f (CHCl ) 38. /c 

A 3-8 36-2 . —102° 30-3 C 4-9 36-9 —105 15-9 

B 0-3 36-6 —103-5 8-9 D 0-4 36-2 —104 2°4 


Fraction C after two methylations with the Purdie reagents gave a product E which had 
OMe 36-6%, [a]? —104° in CHCl,, 73° /c 4-2 in m-cresol. 

Hydrolysis of A and Fractionation by Solvent Extraction.—Fraction A (8 g.) was boiled with 
methanolic hydrogen chloride (3%; 160 c.c.) until the rotation was constant ([a]}? + 54° after 
20hr.). The solution was neutralised with silver carbonate, filtered, and evaporated to dryness. 
The residue was extracted with boiling methanol, and the solution filtered and evaporated to a 
non-reducing syrup (9-1 g.), fractionation of which was attempted by solvent extraction (Brown 
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and Jones, J., 1947, 1344). Extraction of an aqueous solution of the syrup (7-00 g.) with 
light petroleum (b. p. 30—40°) for 83 hr. gave fraction I (3-39 g.). Subsequent extraction with 
chloroform for 18 hr. gave fraction II (3-33 g.); evaporation of the aqueous solution yielded 
fraction III (0-25 g.). 

Hydrolysis of Fraction I and Separation of the Methylated Sugars.-—Fraction I (3-39 g.) was 

heated at 95—100° with nitric acid (2%; 150c.c.). Changes found were: [a]}® +-49° (3-5 hr.) ; 
|- 36° (9-5 hr.); + 31° (12 hr., constant). The solution was neutralised with barium carbonate, 
filtered, and evaporated to dryness, and the residue extracted with boiling methanol to yield 
a reducing syrup (3-05 g.). The syrup (3-02 g.) was fractionated on a column of cellulose (27 x 
1-2’) (Hough, Jones, and Wadman, /., 1949, 2511) with, as eluant, light petroleum (b. p. 100— 
120°)—butanol (7 : 3) saturated with water to give fractions: (a) 1-01 g.; (b) 0-46 g.; (c) 0-21 g.; 
(d) 0-13 g.; (e) 0-42 g.; (f) 0-23 g.; and (g) 0-16 g. (eluted with water and extracted with 80% 
ethanol for purification). Recovery 88%. 

Fraction (a). The syrup partly crystallised and the crystals (0-54 g.) were separated on a 
tile. After recrystallisation from anhydrous ether these had m. p. 90—92°, not depressed on 
admixture with authentic 2:3: 4-tri-O-methyl-«-p-xylopyranose, [«]l¥ 4-67° (zero time), 

+51° (15 min.), +29° (100 min.), +19° (3 hr., constant) (c, 0-6 in H,O) (Found: C, 50-2; 
H, 8-5; OMe, 47-7. Calc. for CgH,,0;: C, 50-0; H, 8-4; OMe, 48-4%). 

Extraction of the tile with acetone gave a syrup (0-43 g.), [«]}? +9-6° (c, 1-0 in H,O). 
Oxidation with bromine in water at room temperature till non-reducing, and treatment with 
silver carbonate and hydrogen sulphide, gave a mixture of syrupy lactones which were frac- 
tionally distilled, to give fraction (la), 0-10 g., b. p. 99—110°/0-15 mm., and (2a), 0-08 g., b. p. 
110—120°/0:10 mm. Fraction (la) had [a«]j? +7° (5 min.), +2° (22 hr.), 0° (45 hr.), +13° 
(100 hr., constant) (c, 1:0 in H,O); 2 c.c. of the polarimetric solution required 3-39 c.c. of 
0-0322n-sodium hydroxide for neutralisation (Calc. for CsH,,0,;: 3-40 c.c.). Fraction (la) 
with methanolic ammonia gave after 10 months at 0° crystalline 2: 3: 5-tri-O-methyl-L- 
arabonamide, recrystallised from ethyl acetate, m. p. and mixed m. p. 136°. Fraction (2a) 
had [a]i® —1° (4 hr.), +13° (4 hr.), +15° (72 hr.), +18° (200 hr., constant); 0-0163 g. required 
2-54 c.c. of the above alkali for neutralisation (Calc. for CgH,,0,;: 2-66 ¢.c.). The above data 
showed that fraction (a) was a mixture of tri-O-methyl-p-xylopyranose (0-94 g.) and tri-O- 
methyl-L-arabofuranose (0-06 g.). 

Fraction (b). This crystallised. The crystals were separated on a tile and after recrystal- 
lisation (light petroleum) had m. p. 70—72° (not depressed on admixture with authentic 
2:3:4: 6-tetra-O-methyl-p-galactose), [«]}? + 142° (5 min.), -+129° (30 min.), +117° (3 hr., 
constant) (c, 1-1 in H,O) (Found: C, 50-9; H, 8-7; OMe, 52-0. Calc. for CygHg9O0,: C, 50-8; 
H, 8-5; OMe, 52°5%). The residual syrup had [«]} +114°, OMe, 51:-7%. Treatment with 
alcoholic aniline gave 2: 3:4: 6-tetra-O-methyl-N-phenyl-p-galactosylamine (in good yield), 
m. p. and mixed m. p. 193—194°, [a]? +-41-5° (equil., c, 0-6 in COMe,) (Found: C, 61-8; H, 
8:0; N, 4:3; OMe, 39-4. Calc. for C,,H,,0;N: C, 61-7; H, 8-1; N, 4-5; OMe, 39-9%). 

Fraction (c). This syrup was combined with fractions () and (ii) to give fraction H (see 
below). 

Fraction (d). This was a mixture of 2: 5-di-O-methyl-L-arabinose (cf. fraction H) and 
2: 3-di-O-methylxylose. After separation on a paper chromatogram and extraction with hot 
water these were estimated by oxidation with alkaline hypoiodite (Hirst, Hough, and Jones, 
J., 1949, 928) and a phosphate buffer of pH 11-4 (Ingles and Israel, J., 1947, 1344). It con- 
sisted of 44% of 2: 5-di-O-methylarabinose (0-06 g.) and 56% of 2: 3-di-O-methylxylose 
(0-07 g.). 

Fraction (e). The syrup had nj 1-4727, [«]}® ---24° (15 min.), +-26° (6 hr., constant) (Found : 
OMe, 34:1. Calc. for C;,H,,0;: OMe, 34:8%). When examined by paper chromatography 
with, as solvent, benzene-ethanol—water (167: 47: 16), two pink spots were obtained with 
aniline oxalate, one travelling at the same rate as 2: 3-di-O-methylxylose and the other (in 
minor quantity) slightly faster than the latter. With solvent B only one spot was obtained. 
No indication was obtained of the presence of any 3 : 4-di-O-methylxylose, which travels more 
slowly than 2 : 3-di-O-methylxylose (Jones and Wise, /J., 1952, 3389). 

Demethylation of the syrup (7 mg.) with hydrobromic acid (48%) (Hough, Jones, and 
Wadman, J., 1950, 1702) and examination of the products on a paper chromatogram gave 
arabinose (Rg 0-12), xylose (Rg 0-15), mono-O-methylxylose (Rg 0-38), 2 unidentified pink 
spots (Rg 0-24 and 0-46), and unchanged material (7, 0-64). 

Oxidation of the syrup with bromine in water gave a syrup, b. p. 125—135°/0-03 mm., 
fa]}® ---28° (initial). Treatment with methanolic ammonia yielded a syrup which gave a positive 


196 Hirst, Percival, and Wylam : 


Weerman test. A control test with 2: 3-di-O-methylxylonamide was negative. Oxidation 
of a fresh portion of the syrup and fractional distillation of the lactones gave fractions: (1b) 
0-03 g., b. p. 120—125°/0-04 mm.; (2b) 0-01 g., b. P. 150°/0-03 mm. Fraction (1b) had [«]}% 

47° (4 hr.), +38° = hr.), +31° (120 hr.), end - 1+-27-5° mp hr., constant) (¢, 1-3 in H,O). 
Fraction (2b) had ni) 1-4669, [a] ae +27° (4 hr.), +19° (5 hr.), +13° (18 hr.), 0° (47 hr.), +11 
(121 hr.), 4 21 (143 hr.), +17° sae hr.) ree ais hr ), and +8-5° (289 hr., constant) (c, 
0-5 in H,O). 

Fraction (e) yielded a syrupy mixture of anilides. 

Fraction (f). This crystallised. It was triturated with acetone-—light petroleum (1 : 3) and 
recrystallised from acetone-light petroleum (1:10), giving long needles of 2: 4-di-O-methyl- 
4-p-xylose, m. p. and mixed m. p. 111°, [«]j7 —27-6° (5 min.), +10-6° (50 min.), and + 21-5 
2 hr., constant) (c, 0-5 in H,O) (Found: C, 47-1; H, 7-6; OMe, 34-3. Calc. for C,H,,0O; : 

7-2; H, 7-9; OMe, 34:8%). 

Oxidation of the sugar (0-10 g.) with bromine in water yielded the syrupy lactone, b. p. 

140°/0-01 mm., [«1?? —14° (8 min.), —7° (2 hr.), 0° (4:5 hr.), +14° (21 hr.), +23° (48 hr.), 
and + 27° (118 hr., constant) (c, 0-3 in H,O). The lactone yielded a syrupy amide which gave 
a negative Weerman test. 

Fraction (g). Paper chromatography showed this to be a mixture of equal parts of 2-O- 
methylxylose and an unidentified sugar (Rg 0-52), which gave a brown colour with aniline 
oxalate. 

Hydrolysis of Fraction II and Separation of the Methylated Sugars.—F¥raction II (3-33 g.) 
was hydrolysed with nitric acid (2%; 150c.c.); [« 16 were + 60° (zero time), +36° (3hr.), and 

29° (6 hr., constant). The solution was neutralised with barium carbonate and yielded a 
reducing syrup (3:17 g.). The mixture (2-80 g.) was fractionated on a column of cellulose in 
the same way as the sugars from I to give fractions: (h) 0-09 g.; (i) 0:16 g.; (7) 0:18 g.; (R) 
0-21 g.; (1) 0-08 g.; (m) 1-82 g. (extracted with ethanol for purification) ; and (m) 0-06 g. (eluted 
with water; extracted with 80% ethanol for purification). Recovery 93%. 

Fraction (h) was combined with fractions (c) and (ii) to give fraction H (see below). 

Fraction (i). This was a mixture of 2: Sins ecihctenndoane t cf. fraction H) and 2: 3-di- 
O-methylxylose. These were estimated to be present in the proportion 28: 72 respectively, 
in the same way as fraction (d). 

Fraction (j). Paper chromatography showed this to be a mixture of 2: 3- and 2: 4-di-O- 
methylxylose. Oxidation of the syrup (16-95 mg.) with periodic acid for 96 hr. gave formalde- 
hyde (0-781 mg.) (Reeves, J. Amer. Chem. Soc., 1941, 63, 1476). Pure 2: 3-di-O-methylxylose 
(16-12 mg.) under the same conditions gave formaldehyde (1-902 mg., 70%). This indicates 
39% of 2: 3-di-O-methylxylose in (7). 

Fractions (k) and (1). These were mixtures of 2: 4-di-O-methylxylose, two sugars of Rg 
0-58 and 0-50 respectively, and a trace of 2-O-methylxylose. Demethylation of fraction () 
with hydrobromic acid (48%) (loc. cit.) gave arabinose (Ig 0-12), xylose (Ig 0-15), a pink spot 
(Raq 0:24), 2-O-methylxylose (Rg 0-37), and some unchanged material. 

Fraction (m). This crystallised and oxidation with alkaline hypoiodite indicated 94% of 
aldose. Recrystallisation from n-butanol gave 2-O-methyl-p-xylose, m. p. and mixed m. p. 
135—137°, [«]}? —17° (3 min.), + 12-5° (15 min.), +34° (75 min.), and + 35° (100 min., constant) 
(c, 0-7 in H,O) (Found: C, 43-7; H, 7-6; OMe, 18-6. Calc. for c 6H 205 : C, 43-9; H, 7-4 
OMe, 18-9%). The syrup reclaimed ries the mother-liquor had [«}}? +35° (c, 0-6 in H,O). 

Treatment of the crystals with aniline in ethanol gave 2-O-methyl-N-phenylxylosylamine ; 
recrystallised from absolute alcohol, this had m. p. and mixed m. p. 124—125°, [«]}® +213° 
c, 0-7 in ethyl preety (Found: C, 60-0; H, 7-0; OMe, 13-2. Calc. for C,,H,,O,N: C, 60-3; 
H, 7:1; OMe, 12-9%). 

Fraction (n). T his was a mixture of 2-O-methylxylose, xylose, and a sugar of Pg 0-24. 

Hydrolysis of Fraction III.—F¥Fraction III (0-25 g.) was hydrolysed with nitric acid (2%; 
30 c.c.); [a]? were +47° (1 hr.), +25° (4 hr.), and + 24° (5 hr., constant). This yielded a 
reducing syrup (0-22 g.) which was shown by paper chromatography to contain 2-O-methyl- 
xylose (ca. 0-1 g.), xylose (ca. 0-1 g.), arabinose (trace), and a sugar of Rg 0-24 (trace). 

Hydrolysis of E and Separation of the Methylated Sugavs.—¥Fraction E (4-5 g.) was boiled 
with methanolic hydrogen chloride (3%; 90 c.c.); [a]jf were +57° (3 hr.) and + 64° (22 hr., 
constant). The solution was neutralised with silver carbonate, filtered, and evaporated to 
a syrup (5 g.) which was hydrolysed with nitric acid (2%; 80 c.c.). [a]}f were +29° (4 hr.) 
and +-27° (5 hr., constant). The solution was neutralised with barium carbonate and gave a 


reducing syrup (3-7 g.) which was fractionated on a column of cellulose as before to give 
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fractions: (0,) 0:96 g.; (0,) 0:16 g.; (03) 0-12 g.; (04) 0-28 g.; (p) 0-42 g.; (gq) 0-29 g.; (7) 
0-14 g.; (s) 0-02 g.; (t) 0-05 g.; (wu) 0-15 g.; (v) 0-44 g.; (w) 0-02 g.; (x) 0-06 g. (eluted with 
water). For purification, fractions (uw), (v), and (w) were extracted with ethanol, and (x) with 
80% ethanol. Recovery was 85%. 

Fraction (0,). The syrup partly crystallised and was drained on a tile, to give 2:3: 4- 
tri-O-methyl-p-xylose (0-53 g.) (recrystallised from ether), m. p. and mixed m. p. 89—91°. 
The tile yielded a syrup (0-26 g.) which was oxidised with bromine in water and fractionally 
distilled, to give fractions: (lc), 0:06 g., b. p. 80—100°/0-07 mm., nl) 1-4750, and (2c), 0-07 g., 
b. p. 100—125°/0-07 mm., njf 1-4583. Fraction (Ic) had [a]}} —5-7° (1 hr.), —0-6° (94 hr.), 

+-3-2° (140 hr.), and +4-5° (284 hr., constant) (c, 1-57 in H,O); 1 c.c. of the polarimetric solu- 

tion required 4-29 c.c. 0-0196N-sodium hydroxide for neutralisation (Calc. for C,H,,0;: 4:42 
c.c.). Treatment with methanolic ammonia gave an amide which failed to crystallise. Fraction 
(2c) had [a]}¥ —4-2° (10 min.), —1-2° (25 hr.), +9° (93 hr.), and +12° (200 hr., constant) (c, 
1-7in H,O); 1 c.c. of the polarimetric solution required 4-69 c.c. of the above alkali for neutralis- 
ation (Calc. for C,H,,0;: 4:72 c.c.). The above data showed (0,) to be a mixture of tri-O- 
methyl-p-xylopyranose (0-87 g.) and tri-O-methyl-L-arabofuranose (0-09 g.). 

Fraction (0,). This syrup was a mixture of tri-O-methylxylose and tetra-O-methylgalactose 
which were separated on a paper chromatogram and estimated with hypoiodite (loc. cit.) (Found : 
0-09 g. and 0-08 g. respectively). 

Fraction (03). The syrup had {aj}? +113-5° (c, 0-1 in H,O). Treatment of the syrup 
(0-05 g.) with aniline (0-02 g.) in ethanol yielded 2: 3: 4: 6-tetra~-O-methyl-N-phenyl-p-galacto- 
sylamine (0-06 g.), (recrystallised from absolute alcohol), m. p. and mixed m. p. 193—195°; 
(o,) gave one discrete spot on the paper chromatogram travelling at the same rate as 2:3: 4: 6- 
tetra-O-methylgalactose. 

Fraction (04). This (0-28 g.) was a mixture of the two sugars found in fraction (d). 

Fraction (p). Paper chromatography showed this to be a mixture of the same two sugars 
as were found in fraction (e), with 2 : 3-di-O-methylxylose as the major component. The syrup 
was inoculated with a crystal of 2: 3-di-O-methylxylose (Chanda, Percival, and Percival, /., 
1952, 260) and after 7 months at 0° had partly crystallised. The crystals were removed, 
drained on a tile, and quickly washed with light petroleum, to give a white powder (0-024 g.), 
m. p. and mixed m. p. 79—80°, [«]}? +-61° (7 min.), +31° (50 min.), + 24° (3 hr.), and +22-6° 
(18 hr., constant) (c, 0-6 in H,O). 

Fraction (q). This crystallised and was treated as fraction (f), to give 2: 4-di-O-methy]l- 
8-p-xylose, m. p. and mixed m. p. 111°, [~|}7 —26° (10 min.), +11° (50 min.), and + 22° (2 hr., 
constant). It gave one discrete spot on the paper chromatogram, travelling at the same rate 
as 2: 4-di-O-methylxylose. 

Fraction (r). The syrup on a paper chromatogram gave a brown colour with aniline oxalate 
and had Rg ca. 0-58. It had [«]}§ +-78° (c, 0-4 in H,O). 

Fractions (s) and (t). These were syrupy mixtures of 2-O-methylxylose and two sugars 
of Rg 0-58 and 0-50, which both gave a brown colour with aniline oxalate. 

Fraction (u). This syrup was obtained from the first 100 tubes of the monomethylxylose 
fraction eluted from the cellulose column. It had [«]j§ +34° and no evidence of the presence 
of any 3-O-methylxylose was obtained. 

Fraction (v). This crystallised and the crude material had [«]f? +9° (5 min.), and +31° 
(24 hr., constant). After recrystallisation from -butanol the crystals had m. p. 136°, not 
depressed on admixture with 2-O-methyl-p-xylose, [«]}7 —18° (2 min.), +14° (16 min.), -+ 29° 
(1 hr.), and + 36° (2 hr., constant) (c, 1-4 in H,O). 

Fraction (w). This syrup had Rg 0-24 and gave a pink colour with aniline oxalate [cf. 
demethylation products of (e) and (f) 

Fraction (x). This was shown to be xylose by paper chromatography. 

Fractions (d), (i), and (0,) were combined to give a syrup (0-50 g.) which was fractionated 
on a column of cellulose as before, to give fractions: (i) 0-02 g.; (ii) 0-24 g.; (iii) 0-09 g.; (iv) 
0-09 g. Recovery was 88%. 

Fractions (c), (#), and (ii) all gave the same spot on the paper chromatogram and were 


combined to give fraction H. 

Fraction H. The syrup had OMe 31-6%, and [«]}? —18° (c, 1-1 in H,O). On the paper 
chromatogram one discrete spot was obtained (Rg 0-80), which gave a grey-black colour with 
aniline oxalate. The material H failed to form a crystalline anilide. It (0-1279 g.) was dis- 
solved in methanolic hydrogen chloride (19%; 15 c.c.), and rotational changes were observed 
at room temperature and at 80°. At room temperature [a]j? were —15° (5 min.), —9° (15 
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min.), 0° (30 min.), +-21° (80 min.), +-28° (150 min.), + 28° (4 hr.), +18° (5 hr.), +11° (6 hr.), 
and —59° (26 hr.). At 80°, [a]}? were —67° (50 min.), —71° (100 min.), and —74° (220 hr., 
constant); 4 c.c. of the above solution ([«], —74°) were neutralised with silver carbonate and 
evaporated, to give a non-reducing syrup which was methylated twice with the Purdie reagents. 
Hydrolysis of the methyl glycoside with nitric acid (2%; 10 c.c.) at 100° for 6 hr. yielded a 
syrup which on the paper chromatogram gave one dark brown spot (aniline oxalate) (Rg 0-96). 

The syrup (7 mg.) was demethylated with 48% hydrobromic acid (loc. cit.). Examination 
on a paper chromatogram gave the following spots (aniline oxalate) : (1) pink, Rg 0-12, which 
travelled at the same rate as an arabinose control; (2) pink, RP, 0-34; (3) faint brown, Rg 0-45; 
(4) dark grey, Rg 0-80, unchanged material. 

Oxidation of fraction H (0-1 g.) with bromine in water for 6 days gave a syrupy lactone 
(0-085 g.), b. p. 120—130°/0-06 mm., OMe, 28-6%, [a]) —51° (zero time), —50° (24 hr.), —44° 
(192 hr.), —39° (336 hr.), —36° (384 hr.), and —32° (480 hr., constant) (c, 0-8 in H,O). The 
lactone (0-030 g.) was recovered from the polarimetric solution by evaporation, and redis- 
tillation and was treated with methanolic ammonia for 2 days at 0°. Removal of the solvent 
gave crystalline 2 : 5-di-O-methyl-L-arabonamide (25 mg.) which, recrystallised from alcohol, 
had m. p. 131—132° (Found: C, 43-0; H, 7-7; N, 6-9. Calc. for C,H,,O;N: C, 43-5; H, 
7:7; N, 7-25%). A Weerman test on the pure amide was negative. 

To the lactone (80 mg.) was added phenylhydrazine (18 mg.) in anhydrous ether (6 c.c.). 
Che solution was heated at 40° for 30 min., the ether removed, and the semicrystalline mass 
heated at 95° for 30 min. The solid was triturated with ether and recrystallised from alcohol— 
ether, to give crystals (30 mg.), m. p. 166—167°, not depressed on admixture with an authentic 
sample of 2: 5-di-O-methyl-L-arabinose phenylhydrazine derivative kindly supplied by Dr. 
J. K. N. Jones. X-Ray powder photographs of the two samples by Dr. C. A. Beevers were 
identical. 

Oxidation of fraction H with periodic acid (Reeves, loc. cit.) gave no formaldehyde. Glucose 
under the same conditions gave a precipitate of formaldehyde—dimedon compound. 
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Synthetic Experiments in the cycloHeptatrienone Series. Part 1II.* 
Syntheses of Puberulic Acid and isoStipitatic Acid. 
By R. B. Jouns, A. W. Jonnson, and J. Murray. 
[Reprint Order No. 4687.] 


Puberulic acid has been synthesised from stipitatic acid by hydrolysis 
of 5-monobromostipitatic acid. The synthesis of stipitatic acid itself has 
been improved by isolation of the intermediate 3: 4: 6-trimethoxycyclo- 
heptatrienecarboxylic acid. isoStipitatic acid, «-hydroxytropolone-y- 
carboxylic acid, has been prepared from resorcinol dimethyl ether by ring 
expansion to 3: 5-dimethoxycycloheptatrienecarboxylic acid, treatment 
with bromine to give 4-bromo-3-methoxy-5-oxocycloheptatrienecarboxylic 
acid and subsequent hydrolyses of the bromine and methoxyl groups. 


ONE of the synthetic methods for the preparation of tropolone derivatives involves ring 
expansion of alkoxybenzenes with diazoacetic ester and subsequent oxidation with bromine 
of the cycloheptatrienecarboxylic esters so formed (Part I, J., 1951, 2352). In a later 
paper (J., 1952, 4461) it was shown that the yields of tropolones obtained by this method 
could be improved if the intermediate cycloheptatrienecarboxylic acids were purified 
before the bromine oxidation and in the present studies the yield of stipitatic acid (I; 


* Part II, J., 1952, 4461. 
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R =H, R’ = OH) was 62% from the intermediate 3 : 4: 6-trimethoxycycloheptatriene- 
carboxylic acid or 4.5% overall yield from 1 : 2 : 4-trimethoxybenzene. 

Attempts to synthesise puberulic acid (I; R = R’ = OH) (Birkinshaw and Raistrick, 
Biochem. J., 1936, 26, 441; Corbett, Johnson, and Todd, /., 1950, 6) from 1: 2:3: 4- 
tetramethoxybenzene by the same method yielded a complex mixture from which neither 
puberulic acid nor any of its derivatives has so far been isolated. However with larger 
quantities of synthetic stipitatic acid at our disposal, a straight-forward method for the 
introduction of the extra hydroxyl group has been developed, which completes the synthesis 
of puberulic acid. 


Oy OH 


(ITT) 


Birkinshaw, Chambers, and Raistrick (Biochem. J., 1942, 36, 242) described the 
bromination of stipitatic acid to a monobromo-derivative which was not orientated. This 
compound would be expected to be the 5-bromo-derivative (I; R= Br, R’ = OH) 
because of the combined directive influence of the carboxyl group and the tropolone ring. 
This was confirmed when treatment of the bromostipitatic acid with potassium hydroxide 
gave puberulic acid in 58% yield. This acid is known to be stable to potassium hydroxide 
even at 300° (Johnson, Corbett, and Todd, /oc. cit.) and no formation of benzenoid derivatives 
was observed in the final stage. 

As an alternative approach to puberulic acid, the preparation of ‘sostipitatic acid 
([; R= OH, R’ = H or a tautomeric form) has been effected but the hydroxylation of 
this acid in the 6-position could not be accomplished. Diazoacetic ester ring expansion 
of pyrogallol trimethyl ether and subsequent brominative oxidation of the product did 
not yield isostipitatic acid, which was eventually prepared by a method similar to that 
used for puberulic acid. Resorcinol dimethyl ether and diazoacetic ester gave a mixture 
of esters from which 3: 5-dimethoxycycloheptatrienecarboxylic acid and m-methoxy- 
phenoxyacetic acid (Johnson, Langemann, and Murray, /., 1953, 2136) were obtained. 
The position of the double bonds in the cycloheptatriene acid could not be determined by 
ozonolysis and hydrolysis to a dimethoxybenzoic acid, a method used in the anisole series 
(Part II, loc. ctt.), as more extensive decomposition occurred during ozonolyses even at 
—80°, and the only recognisable product was oxalic acid. A chloroform solution of 
3: 5-dimethoxycycloheptatrienecarboxylic acid gave a solid complex with bromine (cf. 
Cook, Gibb, and Raphael, /., 1951, 2244) which decomposed when heated or, better, 
when dissolved in polar solvents, to give a small quantity of the expected 3-methoxy-5- 
oxocycloheptatrienecarboxylic acid (II; R= R” =H, R’ = Me) but mainly the corre- 
sponding monobromo-derivative (II; R= Br, R’ = Me, R” =H), the structure of 
which was proved by its rearrangement to 5-hydroxyzsophthalic acid after treatment 
with potassium hydroxide at 150°. Treatment of methyl 3 : 5-dimethoxycycloheptatriene- 
carboxylate with bromine similarly gave the methyl ester (II; R = Br, R’ = R” = Me) 
which could not be obtained by direct methylation of the free acid with diazomethane 
possibly because of preferential reaction with the halogen atom. As 2-bromocyclohepta- 
trienones, the acid (II; R= Br, R’ = Me, R” = H) and its ester contain moderately 
reactive bromine atoms which were readily hydrolysed by alkali, giving the corresponding 
hydroxy-compound, «-methoxytropolone-y-carboxylic acid (isostipitatic acid O-methyl 
ether) (II; R = OH, R’ = Me, R” = H). A lower-melting isomeric compound was also 
isolated from this reaction and it is possible that it is «-methoxytropolone-$’-carboxylic 
acid, arising from hydrolysis of the alternative methoxy-group in the original 3: 5- 
dimethoxycycloheptatrienecarboxylic acid, but the very low yield of this compound 
precluded proof of its structure. 

isoStipitatic acid O-methyl ether was unchanged after treatment with potassium 
hydroxide at 150° but at 200° gave 5-hydroxyisophthalic acid, showing that no rearrange- 
ment had occurred during replacement of the bromine. The O-methyl ether was hydrolysed 
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with hydrogen bromide in acetic acid and gave isostipitatic acid itself (Il; R= OH, 
2’ = R” = H, or the tautomer III). The comparatively vigorous conditions (6 hours at 
100—110°) required for this hydrolysis support the view that the O-methyl group of 
O-methylisostipitatic acid is in the a-position to the tropolone group, as the alternative 
tropolone ether structure probably would be readily hydrolysed by acids. 

Bromination of isostipitatic acid has proved to be unexpectedly difficult and no mono- 
bromo-derivative has been isolated. Likewise we have been unable to introduce other 
bromine atoms into the nucleus of 4-bromo-3-methoxy-5-oxocycloheptatrienecarboxylic 
acid (Il; R= Br, R’ = Me, R’ =H). The directive effects of the carboxyl] group and 
the tropolone ring are evidently opposed in tsostipitatic acid, and further studies on its 
substitution reactions were postponed when puberulic acid was obtained from stipitatic 
acid, 

EXPERIMENTAL 

Ultra-violet absorption spectra were determined in 95% ethanol except where otherwise 
stated. 

3: 4: 6-Trimethoxycycloheptatrienecarboxylic Acid.—The crude ester mixture (5 g.; b. p. 
110—144°/0-2 mm.) obtained from the reaction of diazoacetic ester and 1 : 2: 4-trimethoxy- 
benzene (Part I, Joc. cit.; in the present work 145 g. of trimethoxybenzene were recovered from 
an original 174:5 g. together with 33-8 g. of mixed esters) was mixed with a solution of potassium 
hydroxide (3-3 g.) in aqueous methanol (2-5 c.c. of water + 27-5 c.c. of methanol) at 0°. After 
15 min. the potassium salt which had crystallised was separated and dried (580 mg.; m. p. 
132—134°). Acidification gave 2: 4-dimethoxyphenoxyacetic acid (295 mg.) which, after 
crystallisation from cyclohexane—benzene and sublimation im vacuo, had m. p. 120°, not depressed 
with an authentic specimen (Johnson, Langemann, and Murray, /., 1953, 2136). The filtrate 
from the potassium 2 : 4-dimethoxyphenoxyacetate was heated on the water-bath for 2 hr. at 
60°, diluted with water (50 c.c.), acidified with hydrochloric acid (11N), further diluted until a 
faint turbidity appeared (total vol., ca. 100 c.c.), and kept at 0°. 3:4: 6-Tvimethoxycyclo- 
heptatrienecarboxylic acid (420 mg.) separated as pale yellow needles and was recrystallised from 
cyclohexane—benzene (1:1) and sublimed at 130°/0-1 mm. It then had m. p. 152—153° 
(Found: C, 58-4; H, 5-9. C,,H,,O; requires C, 58-4; H, 6-2%). Light absorption: max. 
at 217—218 and 318—319 my (log e 4:14 and 3-84 respectively). The infra-red spectrum of 
the acid, as a mull in Nujol, showed maxima at 2632, 1684(s), 1613(s), 1534(s), 1433(s), 1401, 
1344(s), 1289(s), 1259(s), 1236(s), 1193(s), 1176, 1153(s), 1147(s), 1124(s), 1080, 1028(s), 1006(s), 
995(s), 948, 932, 903, 855, 818, 789, 756(s), 725, 683, and 657 cm.7}. ; 

Stipitatic Acid.—A solution (0-6 c.c.) of bromine (1 c.c.) in carbon tetrachloride (10 c.c.) 
was added dropwise to 3: 4: 6-trimethoxycycloheptatrienecarboxylic acid (0-2 g.) in chloroform 
6-5 c.c.) at 0°. The pale orange precipitate, probably a complex with bromine, was separated, 
heated in ethyl acetate (3 c.c.) for 3 min., and cooled in ice. Stipitatic acid O-methyl ether 
contaminated with stipitatic acid itself separated as a pale yellow solid. This mixture was 
hydrolysed directly with hydrobromic acid (2-5 c.c. of 48%) at 110° for 12 hr. and on cooling 
stipitatic acid (100 mg.) was obtained. After crystallisation from aqueous ethanol and 
sublimation at 180°/0-1 mm. it had m. p. and mixed m. p. 280° (Found: C, 52-4; H, 3-4. 
Calc. for C,H,O,: C, 52:7; H, 3-3%). 

Vonobromostipitatic Acid (cf. Birkinshaw, Chambers, and Raistrick, loc. cit.).—A solution 
of bromine (0-1 c.c.) in glacial acetic acid (5 c.c.) was added with stirring to a solution of stipitatic 
acid (0-39 g.) in acetic acid (100 c.c.). After 5 min. water (20 c.c.) was added and after a further 
15 min. the volume of the solvent was reduced to small bulk by evaporation under reduced 
pressure. The monobromostipitatic acid which separated was removed by filtration and 
crystallised from methanol, forming small pale yellow needles, decomp. 270°. For analysis it 
was sublimed at 180°/0-1 mm. (Found: C, 37-0; H, 2-2. Calc. for C,H;0;Br: C, 36-8; H, 
1:9%). Light absorption: max. at 276 and 349 my (log ¢ 4-48 and 3-70 respectively). The 
infra-red spectrum (Nujol mull) showed maxima at 3268, 2591, 1733(s), 1582(s), 1515(s), 1266(s), 

227(s), 1170(s), 1096, 1015, 925, 889, 850, 769, 737, 707 and 685 cm.71. 

Puberulic Acid.—Monobromostipitatic acid (0-43 g.) was added to potassium hydroxide 
3g.) partly dissolved in water (1-5 c.c.) ina nickel crucible. At room temperature the potassium 
salt so obtained was not completely soluble but as the temperature of the mixture was slowly 
raised to 200° a homogeneous solution was obtained. The melt was maintained at 200° for 


15 min. with occasional stirring, cooled, treated with 2n-sulphuric acid (20 c.c.), and finally 
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acidified with concentrated sulphuric acid with stirring and cooled. The precipitated puberulic 
acid (0-126 g.) was separated and washed with water. The combined filtrate and washings 
were extracted with ether (4 x 20 c.c.) and then ethyl acetate (4 x 20 c.c.), the combined 
extracts were dried, and the solvent was removed, to yield a further quantity of puberulic acid 
(0-063 g.). The product crystallised from aqueous ethanol (charcoal) as almost colourless 
plates, m. p. 317° alone and mixed with an authentic specimen (Corbett, Hassall, Johnson, 
and Todd, /., 1950, 1) (Found, in a specimen sublimed at 190°/0-5 mm.: C, 48-7; H, 3+1. 
Calc. for CgH,O,: C, 48-5; H, 3-05%). The ultra-violet and infra-red spectra were identical 
with those of the authentic specimen. 

3: 5-Dimethoxycycloheptatrienecarboxylic Acid.—Resorcinol dimethyl ether (180 g.) and 
diazoacetic ester (40 c.c.) were caused to react at 150° in the usual manner (Parts I and II, 
loce. cit.), and the product was fractionated, to give a mixed ester fraction (34-5 g.), b. p. 112— 
132°/0-3 mm. A cooled solution of potassium hydroxide (3-3 g.) in 90% methanol (30 c.c.) 
was added in small portions to these mixed esters (5 g.) at 0° with constant stirring. After a 
further 15 min. at 0°, the precipitated potassium m-methoxyphenoxyacetate (0-2—0-8 g. in 
various batches) (Johnson, Langemann, and Murray, Joc. cit.) was separated and washed with 
a little methanol, and the combined filtrate and washings were heated on a water bath for 2 hr. 
The solution was cooled in ice, diluted with water (50 c.c.), and acidified by cautious addition 
of concentrated hydrochloric acid, a copious precipitate of 3: 5-dimethoxycycloheptatriene- 
carboxylic acid being obtained. After cooling at 0° for 4 hr., the precipitate was separated, 
washed, dried (2-0 g.), and crystallised from benzene as pale yellow plates, m. p. 181° (Found, 
in a sample sublimed at 140°/0-1 mm.: C, 61-2; H, 6-0; OMe, 29-0. C,9H,,O, requires C, 
61:2; H, 6:2; 20Me, 31:6%). Light absorption: max. at 222—223, 286, and 316—318 mu 
(log ¢ 4:22, 3-69, and 3-90 respectively). The acid is slightly soluble in cold water or cyclo- 
hexane, soluble in hot benzene, and very soluble in methanol. 

The acid (0-5 g.) was dissolved in ether (50 c.c.) containing 1% of methanol and esterified 
with excess of diazomethane. The solvent was removed and the residue crystallised from 
cyclohexane, to give the methyl ester as pale yellow needles, m. p. 65-5—66-5° (Found: C, 63-0; 
H, 6:9. C,,H,,O, requires C, 62-8; H, 6-7%). Light absorption: max. at 222—223, 287, 
and 319—320 my (log ¢ 4:18, 3-75, and 3-9 respectively). 

4-Bromo-3-methoxy-5-oxocycloheptatrienecarboxylic Acid.—3 : 5-Dimethoxycycloheptatriene- 
carboxylic acid (0:46 g.) was dissolved in cold chloroform (10 c.c.), and a solution of bromine 
(0-3 c.c.) in carbon tetrachloride (3 c.c.) added slowly with stirring. Hydrogen bromide was 
evolved and an orange precipitate of a bromine complex (1-0 g.) was obtained. This complex 
was stable in non-polar solvents even when heated, but was readily decomposed in water or 
methanol. It was dissolved in cold methanol and kept at room temperature for 1 hr. The 
product, which separated as a very pale yellow solid (0-299 g.), recrystallised from dioxan as 
pale yellow needles which sintered at 270—273° without melting but with previous darkening 
(Found, in a sample sublimed at 180°/0-35 mm.: C, 41:7; H, 3-0. C,H,O,Br requires C, 
41-7; H, 2-7%). Light absorption: max. at 260 and 327—329 my (log ¢ 4-49 and 3-61 
respectively). The infra-red spectrum, determined as a mull in Nujol, showed maxima at 
1859, 1718, 1631, 1587(s), 1548(s), 1527(s), 1443(s), 1420, 1339, 1290, 1236(s), 1224(s), 1200(s), 
1170(s), 1020, 926(s), 885, 850, 767, 760, and 673 cm.1. 

A further quantity of this acid was obtained by concentration of the methanol mother- 
liquors but the product so obtained required charcoal treatment for purification. Concentration 
of the mother-liquors gave 3-methoxycyclo-5-oxoheptatrienecarboxylic acid (20 mg.) which 
crystallised from methanol in colourless needles, m. p. 235—237° (decomp.), and sublimed at 
150°/0-1 mm. (Found : C, 60-3; H, 4:6. C,H,O, requires C, 60-0; H, 45%). Light absorption : 
max. at 222, 248, and 301 muy (log ¢ 4-25, 4-48, and 3-73 respectively). The infra-red spectrum 
(Nujol mull) showed maxima at 2353, 1876, 1709, 1645, 1597, 1555, 1515(s), 1362, 1316, 1255(s), 
1227(s), 1198(s), 1171(s), 1087, 1020, 985, 916(s), 887, 862, 850, 785, 772, 759, 720, 683, and 


amd 
669 cm.7}. 

Methyl 4-Bromo-3-methoxy-5-oxocycloheptatrienecarboxylate.—Methyl 3: 5-dimethoxycyclo- 
heptatrienecarboxylate (0-47 g.) was dissolved in the minimum quantity of carbon tetrachloride, 
cooled in ice, and treated with a solution of bromine (0-3 c.c.) in carbon tetrachloride (3 c.c.). 
The precipitated bromine complex was separated, washed with cold carbon tetrachloride, and 
treated with methanol (10 c.c.) in order to decompose it. The methanol was removed and the 
process repeated twice more. ‘The residual ester crystallised from methanol as pale yellow 
needles, m. p. 149—150° (Found, on a sample sublimed at 120°/0-1 mm.: C, 43-9; H, 3-2. 
C,)H,O,Br requires C, 43-9; H, 33%). Light absorption: max. at 262, 270, and 330—333 mu 
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(log « 4-49, 4-47, and 3-62 respectively) with an inflection at 320—325 my (log ¢ 3-60). The 
infra-red spectrum (mull in Nujol) showed maxima at 1730(s), 1634, 1592(s), 1439(s), 1408(s), 
1330, 1282(s), 1258(s), 1215(s), 1176(s), 1095, 1031(s), 1005, 962, 937, 917(s), 890, 851, 791, and 
767 om.™. 

Alkaline Rearrangement of 4-Bromo-3-methoxy-5-oxocycloheptatrienecarboxylic Acid.—A 
mixture of this acid (0-53 g.), potassium hydroxide (4 g.), and water (0-5 c.c.) was heated in a 
nickel crucible at 140° (oil-bath) with intermittent stirring. When the initial effervescence 
had ceased, the temperature was raised to 170° for 5 min. and then 200° for10 min. The solution, 
originally red, slowly changed to orange-yellow. The melt was dissolved in water (8 c.c.) and 
acidified with 11N-hydrochloric acid, and the solution was continuously extracted with ether 
for 2 days. The ethereal extract was dried and the solvent removed, to yield a solid residue 
(0-3 g.) which after crystallisation from aqueous ethanol had m. p. 296°, alone and mixed with 
an authentic specimen of 5-hydroxyisophthalic acid (Found: C, 53-0; H, 3-5. Calc. for 
C,H,O,;: C, 52-7; H, 3-3%). The infra-red spectrum, determined as a Nujol mull, was identical 
with that of authentic 5-hydroxyisophthalic acid. 

O-Methylisostipitatic Acid.—4-Bromo-3-methoxy-5-oxocycloheptatrienecarboxylic acid 
(0-73 g.) was heated in methanol (50 c.c.) containing potassium hydroxide (0-5 g.) on a water- 
bath under gentle reflux for 2 hr. After cooling and acidification with 11N-hydrochloric acid, 
the solvent was removed and the residual solid repeatedly extracted with boiling methanol 
(6 x 4 c.c.) until the methanolic extracts no longer gave a colour with ferric chloride. After 
removal of the methanol from the combined extracts, the residue was crystallised from water 
(charcoal), to give colourless plates of O-methylisostipitatic acid, m. p. 257° (with previous 
softening) (Found, on material sublimed at 180°/0-5 mm.: C, 55-0, 55-3; H, 4:4, 4:3. C,H,O,; 
requires C, 55-1; H, 41%). The product gave a pale green ferric reaction. Light absorption : 
max. at 216 and 308—311 my (log e 4-54 and 3-54 respectively). The infra-red spectrum, 
determined on a mull in Nujol, showed maxima at 1825, 1706(s), 1600, 1515, 1408, 1333, 1307, 
1274(s), 1124, 1105, 1055, 905, 878, 757, 748, 691, and 662 cm.*. 

From the aqueous mother-liquors there was isolated a small quantity of a pale yellow 
isomeric material, m. p. 220° which gave a brown-red ferric reaction (Found: C, 55-5; H, 
4-19). The infra-red spectrum (Nujol mull) showed maxima at 1704(s), 1647, 1603, 1555, 
1536, 1504, 1414, 1274(s), 1229, 1209, 1124, 1087, 1054, 1031, 920, 887, 758, 723, 691, and 664 cm.*?. 

isoStipitatic Acid.—To O-methylisostipitatic acid (0-049 g.) in glacial acetic acid (3 c.c.), 
50% hydrogen bromide in glacial acetic acid (3 c.c.) was added and the mixture was heated at 
100—110° for 6 hr. After removal of the solvent the residue was twice crystallised from water, 
to give isostipitatic acid as an almost colourless solid, m. p. 293—-294° (decomp.), which gave a 
green ferric reaction (Found, in a sample sublimed at 180°/0-5 mm.: C, 52-5; H, 3-4. C,H,O,; 
requires C, 52-7; H, 33%). Light absorption: max. at 216 and 312 my (log « 4-53 and 3-54 
respectively). The infra-red spectrum (mull in Nujol) showed maxima at 3448, 1704(s), 1675(s), 
1600(s), 1493, 1420(s), 1344, 1282(s), 1209(s), 1181(s), 1111, 1000, 975, 930, 909, 901, 881, 786, 
757, 735, 694, 668, and 664 cm.}. 

Alkaline Rearrangement of O-Methylisostipitatic Acid.—The acid (0-38 g.) was heated with 
potassium hydroxide (3 g.) and water (1-5 c.c.) in a nickel crucible at 240° for 15 min. Treat- 
ment of the product as in the case of the alkaline rearrangement of 4-bromo-3-methoxy-5- 
oxocycloheptatrienecarboxylic acid (above) gave 5-hydroxyisophthalic acid (0-13 g.) which after 
crystallisation from aqueous ethanol had m. p. and mixed m. p. 293°. In another experiment 
alkaline rearrangement of O-methylisostipitatic acid was effected at 200° for 5 min. and 
5-hydroxyisophthalic acid was isolated from the product as before. 
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Triad Prototropic Systems. Part II.* The Effect of Substituents 
on the Mobility of the Azomethinecarboxylic Acids. 


By F. G. Bappar and ZAky ISKANDER. 
[Reprint Order No. 4367.] 


The high mobility of azomethinecarboxylic acids as compared with that 
of the corresponding methyleneazomethines and azomethinecarboxylic esters 
is shown to be due to decarboxylation in the first system before the 
tautomeric change. Such a prototropic change is found to be facilitated by 
the rise of temperature, the presence of a nucleophilic reagent, and the 
attachment of electron-attracting groups to the azomethine system. For a 
given a-amino-acid the degrading power of the carbonyl compound increases 
with the increase in the electron-attracting power of the groups attached to 
the carbonyl group. The ease of degradation of an «-amino-acid by a 
carbonyl compound depends also on the nature of the «-amino-acid; thus, 
phenylglycine is more easily degraded than alanine. 

Steric factors appear not to have an important inhibiting effect on the 
prototropic change in this system. 


In continuation of the study of the effect of decarboxylation and of substitution on the 
mobility of the azomethinecarboxylic acids (Baddar, J., 1949,5 163; 1950, 136; Baddar 
and Iskander, Nature, 1951, 167, 1069) a quantitative investigation has been carried out. 
Schonberg, Moubasher, and Mostafa (J., 1948, 176) and Baddar (doc. cit.) concluded that 
degradation of an a-amino-acid with carbonyl compounds required the intermediate form- 
ation of an azomethinecarboxylic acid (I). Baddar (loc. cit.) suggested that decarboxyl- 
ation of (I) gives a mesomeric anion (II), which takes up the liberated proton, or one from 
the medium, to give a mixture of the tautomerides (III) and (IV). He concluded also that 


R°CH,-N:CHR’ 


co ideas (111) 


R-CHO + NH,CHR”CO,H == R-CH:N-CHRCO,H —— R-CH=N=CH'R’ 
(I) rat SQ 
R-CH:N-CH,R’ 


(IT) 

(IV) 
decarboxylation of (I) prior to the tautomeric change is responsible for the fact that 
a-amino-acids are more easily converted, by certain carbonyl compounds, into the 
aldehydes or ketones than are the corresponding amines; this is supported by the finding 
(this and the following paper) that most of the carbonyl compounds investigated were able 
to effect this conversion with «-amino-acids but not with the corresponding amines. 

The formation of the azomethinecarboxylic acid (I) appears to be reversible (cf. Gulland 
and Mead, J., 1935, 210), and the proportion of (I) in the reaction mixture increases if the 
carbonyl group in the aldehyde R-CHO is directly attached to, or conjugated with, an 
electron-attracting group (cf. McIntire, J. Amer. Chem. Soc., 1947, 69, 1377), and if the 
basic character of the medium is increased (cf. Gulland and Mead, loc. cit.). This has now 
been supported by the following observations: (1) the amount of acetaldehyde liberated 
from a mixture of p-nitrobenzaldehyde and alanine was increased by increasing the 
molecular proportion of one of the reactants; (2) the rate of dissolution of the «-amino- 
acid in the reaction medium increased with increase in the electron-attracting power of the 
group R; and (3) the amount of degradation of «-amino-acids by carbonyl compounds was 
enormously reduced when the medium (50% glycerol, or water) was acidified with hydro- 
chloric acid. 

Decarboxylation of the intermediate acid (I) to the mesomeric anion (II) is favoured 
by rise of temperature (cf. Brown, Quart. Reviews, 1951, 5, 131), increase in the basic 
character of medium (from glycerol to pyridine), and increase in the electron-attracting 


* Part I, J., 1950, 136. 
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power of the groups R and R’ (cf. Tables 1—5 and Figure). The last influence is verified 
by Herbst’s finding (J. Amer. Chem. Soc., 1936, 58, 2239) that the rate of evolution of 
carbon dioxide during the reaction of pyruvic acid with certain a-amino-acids was highest 
with phenylglycine and lowest with «-aminotsobutyric acid. 

The relative rates at which a proton is taken up at the two positions in the mesomeric 
anion (II) appear to be the most important factor in determining the proportions of the 
tautomerides (III) and (IV) formed. Thus, in the azomethine anion (V), where R is an 
electron-attracting group, R’ is an alkyl group, and R” is hydrogen or an alkyl group, the 
electron density will be higher on the y- than on the a-carbon atom, thus leading to the 
preferential recombination of the proton at the former, to give the tautomeride (VI). 
However, the formation of this tautomeride is less probable than that of (VII), since the 
latter is stabilised by the conjugation of the -CH:N- with the phenyl group, whereas (VI) 
is stabilised by the less effective hyperconjugation. 

When the a-carbon atom is attached to a phenyl or a m-nitrophenyl group (V; R’ 
Ph or m-NO,°C,H,, R’’ = H), the two tautomerides will be nearly equally stabilised by 
conjugation. The presence of electron-attracting groups explains why the amount of 
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degradation of aromatic a-amino-acids such as phenyl- and m-nitrophenyl-glycine was 
always greater than that of aliphatic acids such as alanine, «-aminozsobutyric acid, and 
l-aminocyclohexanecarboxylic acid. 

The experimental values showed that the amount of degradation of «-amino-acids with 
carbonyl compounds, 1.¢., the proportion of the tautomeride (III), decreased with decrease 
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in the electron-attracting property of the group R in R‘CHO. E.g., it decreased from 
2: 4: 6-trinitro- to m-nitro-, and from 2: 4: 6-trichloro- to p-chloro-benzaldehyde. The 
fact that #- was a weaker degrading agent than o- or m-chlorobenzaldehyde proved 
Baddar’s previous assumption (J., 1950, 136) that the chlorine atom in chlorobenz- 
aldehydes operates, in this reaction, mainly by its inductive effect (—J). Moubasher’s 
criticism (J., 1951, 231) of Baddar’s explanation (loc. cit.) of the high degrading power of 
s-dichloroacetone in comparison with the chlorobenzaldehydes is not valid: formation 
of hydrochloric acid by hydrolysis of dichloroacetone would decrease rather than increase 
the amount of acetaldehyde liberated from alanine (cf. Herbst and Engel, J. Biol. Chem., 
1934, 107, 505; Herbst, loc. cit.), as it will inhibit the condensation of dichloroacetone with 
alanine (cf. Gulland and Mead, /oc. cit.) and retard the prototropic change (cf. Ingold and 
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Shoppee, /., 1929, 1199). Experimentally, no acetaldehyde was liberated from alanine 
when it was refluxed with dichloroacetone in acidified water. Dichloroacetone was also 
capable of degrading alanine in dry dioxan at 100°; the reaction mixture gave practically 
no precipitate with silver nitrate acidified with nitric acid, i.e., no hydrolysis took place 
(unpublished work). 

The degrading power of hydroxybenzaldehydes was very low, and it decreased in the 
order m- > 0- > p-. This is in agreement with the known facts that the o- and #- 
hydroxy-groups increase the electron density on Cy (V; R= OH) by their +T effect. 
cine Similarly, piperonaldehyde was a slightly stronger 

* \ degrading agent than p-hydroxybenzaldehyde, since 
the methylenedioxy-group occupies both the m- and 
fo na the p-position to C) (see VIII); this leaves that atom 
L/ oes” with less electron density than the corresponding 
atom in p-hydroxybenzaldehyde. 

However, the degrading power of piperonaldehyde 
was found to be much less than that of m-nitrobenzaldehyde under similar conditions (cf. 
Moubasher, Joc. cit.). The fact that glucose has a higher degrading power than the 
hydroxybenzaldehydes is not unexpected, since the hydroxyl groups in the former case 
operate by their —I effect. 

Steric factors appear not to play an important role in this degradation, especially in the 
case of o-monosubstituted benzaldehydes, since, in most cases, both o- and p-nitrobenz- 
aldehyde degraded «-amino-acids to the same extent. Similarly, 2: 4: 6-trinitro- and 
2:4: 6-trichloro-benzaldehyde degraded most of the «-amino-acids to a greater extent 
than 2 : 4-dinitro- and 2 : 5-dichloro-benzaldehyde, respectively. 

It is, therefore, evident from the present investigation that a carbonyl compound which 
fails to degrade a certain a-amino-acid under mild conditions may degrade it under more 
drastic conditions, e¢.g., at a higher temperature, with longer heating, or with a stronger 
nucleophilic reagent. The results showed also that a given carbonyl compound, such as 
p-hydroxybenzaldehyde, could fail to degrade a certain «-amino-acid (e.g., alanine), but 
could nevertheless degrade another, such as phenylglycine. 

Finally, it may be mentioned that «-amino-acids (e.g., alanine and phenylglycine) can 
be degraded by oxidising agents containing no carbonyl groups, such as bromine water. 


aa 
— . ea 


EXPERIMENTAL 

1-Aminocyclohexanecarboxylic Acid.—To aqueous ammonium chloride (40 g. in 100 c.c.), 
stirred at 0°, cyclohexanone (58-5 g.) in ether (100 c.c.) was added during 15 min., followed by, 
dropwise, aqueous sodium cyanide (32 g. in 70 c.c.), the temperature being kept below 12°. 
Stirring was continued for a further 1-5 hr., and the mixture was left overnight. The aqueous 
layer was extracted with ether (3 x 100 c.c.). The residue left on the evaporation of the 
combined ethereal extracts was dissolved in methyl alcohol (160 c.c.), cooled in ice, and 
saturated with dry ammonia, then kept for 4 days at room temperature. The excess of 
ammonia was removed by a current of air, and the methyl alcohol on the water-bath. The 
remaining liquid was treated with 48% hydrobromic acid (200 g.) and water (30 c.c.), the 
mixture extracted with ether, and the acid layer was refluxed for 3 hr., left overnight, and 
worked up as described for «-aminoisobutyric acid in Org. Synth., 11, 5. The crystalline 
l-aminocyclohexanecarboxylic acid (10 g.) was filtered off and recrystallised from water in 
colourless plates, m. p. 350° (Found: C, 58-6; H, 9-3; N, 10-0, 9-5. Calc. for C;H,,0,N: C, 
58-7; H, 9:15; N, 98%) (cf. Cocker, Lapworth, and Peters, /., 1931, 1391; Bucherer and 
Brandt, J. pr. Chem., 1934, 140, 142). 

Degradation of Alanine.—A mixture of alanine (0-294 g., 0-00337 mole) and the degrading 
agent (0-00337 mole) in 50% (v/v) aqueous glycerol (20 c.c.) or 75% (v/v) aqueous pyridine 
(20 c.c.) was heated on a boiling-water bath, sand-bath, or oil-bath in a carbon dioxide 
atmosphere (the rate of bubbling was kept nearly constant) for 3 hr. in an apparatus similar to 
that used by Schénberg et al. and Baddar (/occ. cit.). The liberated acetaldehyde was estimated 
as its 2: 4-dinitrophenylhydrazone, and identified by m. p. and mixed m. p. The greater the 
degrading power of the carbonyl compound, the faster the insoluble reactants went into 


solution. 
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The efficiency of the apparatus towards acetaldehyde was determined by refluxing a known 
weight of pure paraldehyde with dilute hydrochloric acid in a stream of carbon dioxide, the 
liberated acetaldehyde being collected as its 2: 4-dinitrophenylhydrazone. In two experiments 
recovery of acetaldehyde from paraldehyde was 83-8 and 82-8% (mean correction factor 0-833). 
Although the results are not of absolute quantitative significance they show that the groups 
behave in the expected order. The results are in Table 1. 


TABLE 1. 
Degradation (%) 


co — A- — 
50% G 50% 15% PT 
Degrading agent (H,O-bath) (B. Ms ‘ (H,O-bath) 
40-0 60-0 
2:4: 6-Trinitrobenzaldehyde ......... 7-0 46-4 
2:4-Dinitrobenzaldehyde ............ 7-0 42-4 
p-Nitrobenzaldehyde —..........seeeeeee “6 16-02 
o-Nitrobenzaldehyde 
m- Nitrobenzaldehyde _ ean sine 
2-Chloro-5- nitrobenzaldehyde- 
2:4: 6-Trichlorobenzaldehyde 
2 : 5-Dichlorobenzaldehyde 
o-Chlorobenzaldehyde 
m-Chlorobenzaldehyde 
p-Chlorobenzaldehyde 
Piperonaldehyde 
m- rears ees late ins Seu eattaanes 
Salicylaldehyde ...... 
p-Hydroxy benzaldehyde 
Glucose nase ieee 
s-Dicl hloroacetone cee bet bueekd xeapineaeee 
1: 3: 5-Trinitrobenzene selene 

G = glycerol; P = py ridine. “The results were the mean of at least two experiments, and were 
reproduc ible within +5°%. 

* +, 2 eee temperatures of the reaction mixtures were 117—120°, 90—92°, and 97—100°, 
re jatar Although the b. p. of 75% pyridine was less than 100°, the temperature of the bath 
should be kept around 120° in order to maintain the solution refluxing ‘regularly. 

1, 3, 4 These experiments were repeated and the heating was continued for a long time or until 
no more acetaldehyde was liberated. The 2: 4-dinitrophenylhydrazone was collected at intervals. 
The results are shown in the Figure (curves a, 6, and c, respectively). *% (a) Calc. on the basis of 

3addar’s results (J., 1949,S 163). (6) Whenalanine (0-294 g., 1 mol.) was heated with p-nitrobenzalde- 
hyde (0-5 g., 1 mol.) in a mixture of glycerol (10 c.c.), water (5 c.c.), and concentrated hydrochloric 
acid (5 c.c.), degradation amounted to about 4-8%. * Two experiments were carried out: in one, 
alanine (0-294 g., 1 mol.) was heated with p-nitrobenzaldehyde (1-0 g., 2 mols.) ; in the second, alanine 
(0-588 g., 2 mols.) was heated with p-nitrobenzaldehyde (0-5 g., 1 mol.). The amounts of degradation 
were slightly higher (32-0 and 31-1%, respectively). ® Calc. on the basis of Baddar’s results (J., 1950, 
136). © With 5 hours’ refluxing, traces of acetaldehyde 2 : 4-dinitrophenylhydrazone were precipitated. 
7 When a mixture of alanine (0-588 g., 1 mol.), s- dichloroace tone (0-5 g., 1 mol.), concentrated hydro- 
chloric acid (0-5 c.c.), and water (20 c.c.) was refluxed for 3 hr., no acetaldehyde was liberated. 


Degradation of a-Aminoisobutyric Acid.—A mixture of «-aminoisobutyric acid (0-218 g., 
1 mol.) and the carbonyl compound (1 mol.) in 75% (v/v) pyridine (10 c.c.) was refluxed on an 
oil-bath at 120° + 2° (temp. of the reaction mixture = 97—100°) for 3 hr. in a stream of carbon 
dioxide. The liberated acetone was collected as its 2 : 4-dinitrophenylhydrazone and identified 
by m. p. and mixed m. p. 

In a control experiment carried out to determine the correction factor, a known weight of 
pure acetone was heated in the same apparatus and under identical conditions, and the 
recovered acetone was determined. In two experiments (78-1 and 80-:1%). The mean was 
used in the calculation of the values in Table 2, which were reproducible within +5% (based on 
the weight of the 2 : 4-dinitrophenylhydrazone). 

Degradation of 1-Aminocyclohexanecarboxylic Acid.—This «-amino-acid (0-3 g.) was heated 
as in the preceding experiments. The reaction mixture was acidified with 3n-hydrochloric 
acid, refluxed for 20 min., and distilled in a stream of carbon dioxide until the distillate gave no 
precipitate with 2: 4-dinitrophenylhydrazine reagent, or until the m. p. of the precipitated 
hydrazone indicated the absence of the cyclohexanone derivative. The precipitated hydrazone 
was filtered off, dried, and weighed. For determining its composition, and calculating the 
percentage of degradation, the following control experiments were carried out : 

(i) A known weight of cyclohexanone was mixed with 75% aqueous pyridine and treated as 
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above. Recovery of cyclohexanone in two experiments was 88-3 and 90-7%, giving the required 
correction factor. With 2: 4: 6-trinitrobenzaldehyde, the correction factor was 0-859. 
‘ 
TABLE 2. 

Carbonyl compound Degradation (%) Carbonyl compound Degradation (%) 
Ragtin 5 XS, Sipexcklss..isthes osteo. 57-6 2-Chloro-5-nitrobenzaldehyde ... 
2:4: 6-Trinitrobenzaldehyde ... 56-4 2:4: 6-Trichlorobenzaldehyde 
2 : 4-Dinitrobenzaldehyde 53-9 2 : 5-Dichlorobenzaldehyde 
p-Nitrobenzaldehyde............... 43-9 o-Chlorobenzaldehyde 
o-Nitrobenzaldehyde ............... 47-6 m-Chlorobenzaldehyde 
m-Nitrobenzaldehyde 19-0 p-Chlorobenzaldehyde 


(ii) Since cyclohexanone 2: 4-dinitrophenylhydrazone was soluble in hot aqueous alcohol, 
whereas those of the degrading agents were practically insoluble, the two hydrazones could be 
separated by extraction with hot aqueous alcohol. A mixture containing a known weight of 
cyclohexanone and m-nitro- or p-chloro-benzaldehyde 2 : 4-dinitrophenylhydrazone was extracted 
with a known volume of hot alcohol, filtered while hot, and washed with hot aqueous alcohol. 
The filtrate was diluted with water and allowed to crystallise. The weight of recovered cyclo- 
hexanone 2: 4-dinitrophenylhydrazone was found to be 93-3 and 93-7% of the original 
(correction factor = 0-935). 

For carbonyl compounds which were not volatile in steam, such as isatin, 2: 4: 6-trinitro-, 
2: 4-dinitro-, and p-hydroxy-benzaldehyde, correction factor (i) was used. For carbonyl 
compounds which were volatile in steam, both correction factors (i) and (ii) had to be taken into 
consideration. 

For the chlorobenzaldehydes, the composition of the mixed hydrazones was determined by 
both extraction with alcohol and chlorine content. Each experiment was repeated twice and 
was found to be reproducible within +5%. The values in Table 3 represent the results. 


TABLE 3. 
Degradation (%) 
-_ A 


ee ee Ch fae = oe eed Sart heteeee: | 
By wt. of hydrazone * By EtOH extract By Clcontent By N content 


Carbonyl compounds 
ESAT . 5: cw tne sthemmaaienacceetartas 
2:4: 6-Trinitrobenzaldehyde... 
2 : 4-Dinitrobenzaldehyde 
p-Nitrobenzaldehyde 
o-Nitrobenzaldehyde 
m-Nitrobenzaldehyde 
2-Chloro-5-nitrobenzaldehyde... 
2:4: 6-Trichlorobenzaldehyde 
2 : 5-Dichlorobenzaldehyde 
o-Chlorobenzaldehyde ............ 
m-Chlorobenzaldehyde 
p-Chlorobenzaldehyde 
Piperonaldehyde 
p-Hydroxybenzaldehyde 

* The precipitated derivative was found to be pure cyclohexanone 2: 4-dinitrophenylhydrazone 


by m. p. and mixed m. p. 
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Degradation of Phenylglycine.—Phenylglycine (0-32 g., 1 mol.) was heated for 3 hr. under 
carbon dioxide with the carbonyl compound (1 mol.) in 75% pyridine (10 c.c.) at 120° + 2° 
(oil-bath), or on a boiling-water bath, with 50% glycerol at 145° + 5° (oil-bath) or on a 
boiling-water bath. For the estimation of benzaldehyde produced (Table 4), the following 
procedures were adopted. 

(i) For degrading agents which were not volatile in steam. The mixture was treated with 
concentrated hydrochloric acid (35 c.c.) and water (5 c.c.), and refluxed for 20 min. Water 
(100 c.c.) was added, and the mixture distilled in a stream of carbon dioxide. The distillate was 
treated with phenylhydrazine hydrochloride solution, and the precipitated hydrazone was 
filtered off. In a control experiment recovery of benzaldehyde was only 78% [this correction 
factor was used for procedure (i)]; with 2: 4: 6-trinitrobenzaldehyde, recovery of benzaldehyde 
was 72%. 

(ii) For nitrobenzaldehydes. The mixture was treated with concentrated hydrochloric acid 
(30 c.c.), a 10% solution of stannous chloride in concentrated hydrochloric acid (20 c.c.), and 
water (5 c.c.), and heated on a boiling-water bath for 30 min. in a stream of carbon dioxide. 
Water (100 c.c.) was added, the mixture steam-distilled, and the benzaldehyde estimated as its 
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phenylhydrazone. In a control experiment with benzaldehyde and -nitrobenzaldehyde 
recovery was 82-:5% (correction factor). With 2: 4: 6-trinitrobenzaldehyde it was 74:4%,. 
(iii) For degrading agents which were volatile in steam. (a) The mixture was refluxed with 
concentrated hydrochloric acid (30 c.c.) and water (5 c.c.), and treated with few c.c. of alcohol 
(aldehyde-free), warmed on a water-bath until clear, then mixed with excess of 2: 4-dinitro- 
phenylhydrazine hydrochloride. The precipitated hydrazone was filtered off. Its weight was 
calculated, by difference, from the chlorine content of the mixture. This method was adopted 
in the case of chlorobenzaldehydes. 
TABLE 4. 
Degradation (%) 
se" - a 
5% Pat 100° 50% Gat 145° Procedure 
83-9 ~~ (i) 
: -- (ii) 
(11) 


‘ 


ES : 
Carbonyl compound 75% P at 120° 


sati 
2:4 
2:4 


: 6-Trinitrobenzaldehyde 
-Dinitrobenzaldehyde 

p-Nitrobenzaldehyde 65-3 (ii) 
o-Nitrobenzaldehyde ...............se000 z. (ii) 
m-Nitrobenzaldehyde - (ii) 
2-Chloro-5-nitrobenzaldehyde 

2:4: 6-Trichlorobenzaldehyde 

2 : 5-Dichlorobenzaldehyde............... 
o-Chlorobenzaldehyde ..................++ 
m-Chlorobenzaldehyde 
p-Chlorobenzaldehyde 
Piperonaldehyde aoe eer 
m-Hydroxybenzaldehyde 
p-Hydroxybenzaldehyde 

P = pyridine; G = glycerol. 

1 Mean of 57:7 and 60:7%. 2 Mean of 41-6 and 39-1%. % Mean of 29-3 and 34:3%. 4 Mean 
of 18-6 and 20-1%. ® The two derivatives were separated by extraction with hot alcohol in which 
the benzaldehyde derivative was slightly soluble, and that of piperonaldehyde was insoluble. ° In 
glycerol in an oil-bath at 165° + 5°, the degradation was 9:0%. 


(11) 
(iii, b) 
(ili, a, b) 


2-0 


06 


Control experiments with benzaldehyde gave 87-9 and 88-1% recovery (correction factor). 

(b) The mixture was heated with hydrochloric acid as in (a), and then steam-distilled. The 
distillate was treated with few c.c. of alcohol (aldehyde-free), heated on a water-bath until 
clear, and mixed with excess of 2: 4-dinitrophenylhydrazine hydrochloride. The precipitate 
was analysed for chlorine, from which the amount of benzaldehyde in the mixture was 
calculated. Control experiments with benzaldehyde gave recoveries of 77:8 and 76-1%. 

Degradation of m-Nitrophenylglycine.—m-Nitrophenylglycine (0-42 g., 1 mol.) (Langenbeck 
et al., Annalen, 1931, 485, 59) and chlorobenzaldehyde (1 mol.) in 75% (v/v) pyridine (10 c.c.) 
were refluxed under carbon dioxide in an oil-bath heated at 120° + 2° for3 hr. The insoluble 
reactants dissolved faster than in parallel experiments with the other «-amino-acids. When 


TABLE 5. 
Degradation (%) 


- — ~ 
Procedure 1ii, > 
Carbonyl compound Procedure 1i Cl content N content 
70-5 70-8 : 

55:7 56-6 57-05 
50-0 49-8 

42: 41-5 


2 : 5-Dichlorobenzaldehyde 


o-Chlorobenzaldehyde .................6+ 
m-Chlorobenzaldehyde 
p-Chlorobenzaldehyde 


the mixture was acidified with dilute hydrochloric acid and distilled, the chlorobenzaldehyde, 
being much more volatile in steam than m-nitrobenzaldehyde, distilled in the first fractions. 
The last fractions contained the degradation product, m-nitrobenzaldehyde, which was identified 
as its 2: 4-dinitrophenylhydrazone. Under similar conditions, m-nitrophenylglycine was not 
degraded in absence of carbonyl compounds. However, this method could not be used for the 
quantitative estimation of m-nitrobenzaldehyde owing to its low volatility in steam. Its 
estimation was, therefore, achieved indirectly by determining the amount of the chlorobenz- 
aldehyde. Since the decrease in the original amount of this aldehyde would be equivalent to the 
amount of m-nitrobenzaldehyde produced in the reaction, the amount of degradation could be 
thus determined (Table 5). 
The amount of the chlorobenzaldehyde was estimated by the following methods : 
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(1) The mixture was treated according to procedure (ii) for phenylglycine, then the chloro- 
benzaldehyde in the distillate was precipitated as its 2: 4-dinitrophenylhydrazone. A control 
experiment gave the correction factor. 

(2) The mixture was treated according to procedure (iii, b), and the amount of the chloro- 
benzaldehyde in the mixture of the 2: 4-dinitrophenylhydrazones was estimated from the 
chlorine or nitrogen content. Control experiments gave the correction factors. 

p-Hydroxybenzaldehyde degraded m-nitrophenylglycine in boiling 75% pyridine or 50% 
glycerol, but it was difficult to estimate the degradation quantitatively. 

Degradation of «-Amino-acids with Oxidising Agents ——When alanine or phenylglycine was 
shaken with bromine water for 15—20 min., acetaldehyde and benzaldehyde were produced, 
being identified as their 2 : 4-dinitrophenylhydrazone and phenylhydrazone, respectively. 
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Triad Prototropic Systems. Part I/I.* The Effect of Substituents 
on the Mobility of the Azomethine System. 


By F. G. Bappar and Zaky ISKANDER. 
[Reprint Order No. 4368.] 


Aliphatic and aromatic «-amino-acids are easily degraded to carbonyl 

compounds containing one less carbon atom, when heated with aldehydes and 

ketones in which the carbonyl group is preferably directly attached to, 

or conjugated with, electron-attracting groups (see preceding paper); the 

corresponding azomethines from the same aldehydes and ketones and 

aliphatic amines do not tautomerise except in the case of isatin ethylimine. 

Anomalous results are obtained with the imines formed from the o-nitro- 

benzaldehydes. 

However, most of the Schiff’s bases derived from benzylamine tauto- 

merise, though generally much less than the corresponding azomethine- 

carboxylic acids. When some of the corresponding esters are subjected to 

the same treatment, practically no tautomerism takes place, which shows 

that decarboxylation is the main factor responsible for the high mobility of the 

acids. 
THE azomethine system is known to be immobile except in the presence of a strong nucleo- 
philic reagent such as sodium ethoxide (cf. Ingold e¢ al., J., 1922, 121, 2381; 1929, 1199; 
Shoppee, J., 1931, 1225; 1932, 696). Mobility is promoted by aryl groups, but in (I) and 
(II) (R = H or alkyl) it requires the presence of alkali at an elevated temperature and 
appears to be unidirectional. 

a 
(I) Ph-CH,-NICHR —+» Ph-CH!N-CH,R (II) 


In the present investigation we have studied the mobility of the Schiff’s bases R-CH-N:R’, 
where R is a substituted phenyl! group and R’ is ethyl, ¢sopropyl, cyclohexyl, or benzyl, in 
an attempt to compare them with the corresponding azomethinecarboxylic acids. The 
experiments were carried out in boiling dry pyridine in a stream of dry carbon dioxide (cf. 
Part II). 

With the exception of those from o-nitrobenzaldehydes, which behaved anomalously, 
the Schiff’s bases Ar‘CH:NR’ are relatively immobile when R’ is ethyl, ¢sopropyl or cyclo- 
hexyl, mobility decreasing in that order: e¢.g., the base from isatin and ethylamine 
isomerised but those from isatin and 7sopropylamine or cyclohexylamine did not ; 0-chloro- 
benzylidenecyclohexylamine was stable even when refluxed with alcoholic sodium ethoxide 
for 5 hours (cf. Baddar, J., 1950, 136). This may be due to the fact that the negative charge 
created on the «carbon atom of the zsopropylimine or cyclohexylimine by the inductive 
effect (-+-/) of the methyl or methylene groups is greater in these cases than with the ethyl 
group. However, the stability of the zsopropyl- and cyclohexyl-imines cannot be due to the 


* Part II, preceding paper. 
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preferential recombination of the proton at the «-carbon atom because this will not explain 
why the corresponding azomethinecarboxylic acids undergo appreciable interconversion 
(cf. Part II), even at a lower temperature. 

The mobility of the system increased very greatly when R’ of Ar-‘CH:NR’ was changed 
from alkyl to benzyl: this, by the —E effect of the phenyl group, lowered the energy 
re quired for the removal of the proton from the a-carbon atom. Conversion of 
Ar-CH:N-CH,Ph into Ar-CH,‘N:CHPh was also facilitated by the introduction of electron- 
attracting groups, especially in the o- and the #-position of the group Ar. 

Steric factors may play an important role in explaining some of the ambiguous results 
obtained. Thus, if we accept the termolecular mechanism of prototropy advanced by 

py Lowry (J., 1927, 2554; Ossorio and Hughes, /., 1952, 426) we can 

__ 2. understand why the interconversion of o-nitro- and 2: 4: 6-trichloro- 

ww ioe benzylidenebenzylamine was lower than that of #-nitro- and o-chloro- 

benzylidenebenzylamine, respectively, in spite of the fact that all 

these Schiff’s bases are easily formed when the constituents are mixed. 

am According to this mechanism pyridine and its conjugate acid attack 

the molecule at both the «- and the y-carbon atom simultaneously. 

This will be influenced by steric factors, which are developed with the increase in bulk of 
the groups R’ and R” in (III) or with the introduction of o-substituents into R. 

Such a phenomenon was not observed with «-amino-acids, because here the change is 
governed by decarboxylation of the intermediate azomethinecarboxylic acid—a process 
which is hardly affected by steric factors. 

Although steric factors may be partly responsible, the low conversion of amines into 
carbonyl compounds by 2: 4: 6-trinitrobenzaldehyde may be mainly due to the ready re- 
action of 2 : 4: 6-trinitrobenzaldehyde with amines to give s-trinitrobenzene (cf. Secareanu, 
Ber., 1931, 64, 837; Bull. Soc. chim., 1932, 51, 591), which seems to take place as follows : 


NO, 


>) 
OL 
XS WY7 KH / . 
ft RE R’-NH, 


NO, 


The broken line indicates the fate of electron pairs forming the covalent bonds which were 
broken. 

Azomethinecarboxylic esters (IV) were found to be substantially immobile and they 
were almost unchanged by our treatment, possibly owing to competition between the azo- 
methine (IVa) and the keto-enol system (Vb). Therefore, even if the proton is extracted 
by the catalyst, recombination may take place preferentially at the oxygen atom to give 


y4 b 
ey RL. 


(IV) Ar* CH: N oe C-OH (V) 
he” 
Ph H OEt Ph OEt 


(V) which on hydrolysis with dilute acids regenerates phenylglycine ethyl ester. Brewer 
and Herbst (J. Org. Chem., 1941, 6, 867) noticed that the amino-group of a transaminating 
system moves to, or remains attached to, that side of the system which carries the protected 
carboxyl group. The authors believe, however, that the reaction between carbony] 
compounds and esters needs further investigation. 
The results obtained in the present work showed clearly that the ease of prototropy in 
the case of azomethinecarboxylic acids, compared with that of the azomethines and azo- 
methinecarboxylic esters, is mainly due to the decarboxylation in the first system. 


EXPERIMENTAL 
N-(2-Chloro-5-nitrobenzylidene) ethylamine.—2-Chloro-5-nitrobenzaldehyde (Erdmann, Anna- 
len, 1893, 272, 148) (1-8 g.) was left with anhydrous ethylamine (5 c.c.) overnight at room 
temperature, then diluted with water, and extracted with ether. The ethereal layer was washed 
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with water, dried (Na,SO,), and evaporated to a brownish yellow solid (ca. 2-0 g.), which was 
crystallised from light petroleum (b. p. 40—60°), to give N-(2-chloro-5-nitrobenzylidene)ethyl- 
amine as pale lemon-yellow aggregates, m. p. 47—48°, depressed on admixture with the original 
aldehyde (Found: C, 51-0; H, 4:2; N, 12-6; Cl, 166%; M, 188. C,H,O,N,Cl requires 
C, 50°8; H, 4-2; N, 13-2; Cl, 16-7%; M, 212-5). 

IsatinisoPropylimine.—Isatin (1-1 g., 1 mol.) dissolved exothermally in tsopropylamine (5c.c.). 
Next morning the excess of amine was evaporated off. The residual isatin isopropylimine (1-3 g.) 
crystallised from benzene-light petroleum (b. P. 60—80°) as pale yellow crystals, m. p. 185—186°, 
depressed on admixture with isatin (Found: C, 70-0; H, 6-4; N, 14:7%; M,175. C,,H,,ON, 
requires C, 70-2; H, 6-4; N, 14-99%; MM, 188). 

N-(p-Nitrobenzylidene)isopropylamine.—A suspension of p-nitrobenzaldehyde (1-5 g.) in 
ether (50 c.c.) was left with isopropylamine (3 c.c.) overnight, then washed with 2% aqueous 
acetic acid solution, 3°, sodium hydrogen carbonate solution, and water, and dried (Na,SO,). 
Evaporation and crystallisation from light petroleum (b. p. 40—60°) gave N-(p-nitrobenzylidene) - 
isopropylamine (crude, ca. 1-75 g.) as yellowish prismatic needles, m. p. 54—55°, depressed on 
admixture with the original aldehyde (Found: C, 62-6; H, 6-3; N, 14-59%; M, 165. C,)9H,,O,N, 
requires C, 62:5; H, 6-25; N, 14-6%; M, 192). 

N-(2-Chloro-5-nitrobenzylidene)isopropylamine.—2-Chloro-5-nitrobenzaldehyde (2-0 g.) was 
left with isopropylamine (10 c.c.) at room temperature overnight, and then evaporated in a 
vacuum at room temperature. The residual N-(2-chloro-6-nitrobenzylidene)isopropylamine 
(2-4 g.) crystallised from light petroleum (b. p. 60—80°) as colourless crystals, m. p. 94—95°, 
depressed on admixture with the original aldehyde (Found: C, 53-3; H, 4-85; N, 11-8; Cl, 
15:2. C4 9H,,0,N,Cl requires C, 53-0; H, 4:9; N, 12-4; Cl, 15-7%). 

Other Imines.—Reactions similar to the above gave isatin cyclohexylimine, brownish-yellow 
(from benzene), m. p. 157—158° (1-6 g. from 1-5 g. ofisatin) (Found: C, 73-9; H, 6-9; N, 12-2%; 
M, 212. C,4H,,ON, requires C, 73-7; H, 7-0; N, 12:°3%; M, 228), N-(2: 4- dinitrobeurylidens)- 
cyclohexylamine, pale orange, m. p. 80—81° (Found: C, 56-3; H, 5-2; N, 15-2%; M, 249, 293. 
C,3H,,;0,N, requires C, 56-3; H, 5-4; N, 15-2%; M, 277), N-(2-chlero-5-nitrobenzylidene)cyclo- 
hexylamine, pale yellow, m. p. 112° (Found: C, 58-5; H, 5-6; N, 10-5; Cl, 13-2%; M, 243. 

C,,H,,0.N,Cl requires C, 58-5; H, 5-6; N, 10-5; Cl, 13-39%; M, 266-5), N-(p-chlorobenzylidene)- 
cyc lohe ory (crystallised from light petroleum at —5° to —7°), almost colourless needles, 
m. p. 8° (Found: C, 70-5; H, 7:0; N, 6-6; Cl, 16-6%. C,,;H,,NCl requires C, 70-4; H, 
7-2; N, rr Cl, 16-0%), N-(piperonstidens) yclohex3 lamine {crystals at <0°), very pale 
yellow rhombs, m. p. ir spon C, 72-9; H, 7-5; N, 6-2%; M, 206. C,,H,,O,N requires 
C, 72-7; H, 7-4; N, 61%; M, 231), N-(f »-hye iroxybenzylidene)cy clohexylamine (crystallised from 
benzene), colourless leaflets, m. p. 175 —176° (2-3 g. from 2-3 g. of aldehyde) (Found: C, 76-7; 
H, 8-4; N, 69%; M, 199. C,,;H,,ON requires C 76-8; H, 8-4; N, 6-9%; M, 203), N-(2: 4- 
dinitrobenzylidene)benzylamine [crystallised from benzene-light petroleum (b. p. 60—80°)], 
light brown needles, m. p. 85—86° (Found: C, 59-2; H, 4-1; N, 146%; M, 271. C,,H,,0,N; 
requires C, 59-0; H, 3:9; N, 14:7%; M, 285), N-(2-chloro-5-nitrobenzylidene)benzylamine 
[crystallised from benzene-light petroleum (b. p. 60—80°)], pale yellow rhombs, m. p. 73—74° 
(Found: C, 60-9; H, 4:1; N, 10-3; Cl, 130%; M, 281. C,,H,,0O,N,Cl requires C, 61-2; 
H, 4:1; N, 10-2; Cl, 18:0%; M, 274-5), N-(2: 4: 6-trichlorobenzylidene)benzylamine, pale 
yellow silky needles, m. p. 50—51° (Found : * 56-0; H, 3-35; N, 4-65; Cl, 35-5. C,H, )NCl, 
requires C, 56-3; H, 3-35; N, 4:7; Cl, 35-7%), N-piperony. lidenebens zylamine [crystallised from 
benzene-light petroleum (b. p. 60—80°)], psn. needles, m. p. 73—74° (Found: C, 75-1; 

H, 5-6; N, 5:8%; M, 225. C,,H,,0,N requires C, 75-3; H, 5:5; N, 5-85%; M, 239), N-(p- 
hydroxybenzylidene)benzylamine (mostly precipitated from the ethereal solution of the reactants ; 
crystallised from acetone), colourless cubes, m. p. 209—210° (Found: C, 79-6; H, 6-3; N, 
60%; M, 186. C,,H,,ON requires C, 79-6; H, 6-2; N, 66%; M, 211), N-(o-nitrobenzylidene)- 
benzylamine, a pale yellow oil (decomposed on distillation in a vacuum) (Found: C, 69-5; H, 
5-2; N, 115%; M, 225. C,4H,,0,N, requires C, 70-0; H, 5-0; N, 11-7%; M, 240), ethyl 
a-p-nitrobenzy lidensamino- -a-phenylacetate [crystallised from benzene-light petroleum (b. p. 
40—60°)], pale yellow, unstable if impure, m. p. 75—76° (Found: C, 65-8; H, 5-1; N, 8-65%; 
M, 312. CH, s04N, requires C, 65-4; H, 5:2; N, 9:0%; M, 312), ethyl «-m-nitrobenzylidene- 
amino-«-phenylacetate [crystallised from benzene- ight petroleum (b. p. 40—60°)], colourless, 
m. p. 87—88° (Found: C, 65-7; H, 5-4; N, 8-7%; M, 298), ethyl «-2-chloro-5-nitrobenzylidene- 
amino-a-phenylacetate [crystallised from benzene-light petroleum (b. p. 60—80°)], colourless, 
m. p. 129—130° (Found: C, 58-8; H, 4-1; N, 8-7; Cl, 9-6. C,,H,;0,N,Cl requires C, 58-9; 
H, 4:3; N, 8-1; Cl, 10-2%), ethyl «-2 : 5-dichlorobenzylideneamino-a-phenylacetate [crystallised 
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from benzene-light petroleum (b. p. 40—60°)], colourless, m. p. 54—55° (Found: C, 61-0; 
H, 4:5; N, 4-2; Cl, 20-99%; M, 298. C,,H,,O,NCI, requires C, 60-7; H, 4-5; N, 4-2; Cl, 21-:1%; 
M, 336), and ethyl a-p-hydroxybenzylideneamino-a-phenylacetate (crystallised from benzene), 
colourless, m. p. 151—152° (Found: C, 72-0; H, 5-9; N, 4:2. C,,H,,O,;N requires C, 72:1; 
H, 6-0; N, 4:9%). 

Reactions with 2: 4: 6-Trinitrobenzaldehyde.—An ethereal solution of this aldehyde (Secareanu, 
loc. cit.) (2-0 g., 1»mol.) and cyclohexylamine (0-82 g., 1 mol.) or benzylamine (0-9 g., 1 mol.) 
was left at room temperature for 2 days. Evaporation of the blood-red solution left a dark 
brown solid (ca. 2-0 g.) which, crystallised from dilute alcohol, gave 1: 3: 5-trinitrobenzene as 
colourless plates, m. p. 121—122°, undepressed on admixture with an authentic specimen 
(Found: C, 34-2, 33-7; H, 1-2, 1-5; N, 19-3, 20:1%; M, 212. Calc. for CgH,;O,N,: C, 33-8; 
H, 1-4; N, 19°7%; M, 213). 

2: 4-Dinitrophenylhydrazones.—The following 2: 4-dinitrophenylhydrazones were prepared 
in the usual manner, and were crystallised from acetic acid, 


Found (%) Required (%) 
Benzaldehyde Hydrazone, a vies — A» 
deriv. colour m. p. Formula C Y , ; 
2-Chloro-5-nitro- .... yellow 275—277° C,;,H,O,N,Cl 42-9 
2:4: 6-Trichloro-... orange 237—238 C,,H,O,N,Cl,; 40-4 . 
2 : 5-Dichloro- yellow 242—243 C,,H,O,N,Cl, 43:9 2°: 5-6 2-25 15-8 20-0 


Interconversion of the Ethylimines and isoPropylimines.—The imine (ca. 0-0021 mole) or a 
mixture of the carbonyl compound (0-0021 mole) and ethyl- or isopropyl-amine (0-0021 mole) was 
refluxed with dry pyridine (10 c.c.) in an oil-bath at 120° + 2° in a stream of dry carbon dioxide. 
The experiments were carried out in the apparatus used in the degradation of the corresponding 
x-amino-acids (cf. preceding paper). The mixture was acidified with dilute hydrochloric acid 


and refluxed for ca. 20 min. 
When 50% aqueous glycerol, at 145° + 5°, was used instead of dry pyridine, acidification was 


omitted. 

The liberated acetaldehyde and acetone were estimated as their 2 : 4-dinitrophenylhydrazones 
and identified by m. p. and mixed m. p. with authentic specimens. 

From the weight of the hydrazones, the percentages of interconversion were calculated, the 
correction factors recorded in the preceding paper being used. The results are summarised in 
the annexed Table. 

Interconversion (%). 
NH,Et NH,Pr! [(CH,],>CH-NH,  CH,Ph:NH, 

Carbonyl compound G G G P Procedure 

24-6 *1 0 79-6 +4 (i) 

2:4: 6-Trinitrobenzaldehyde f 3+ “6 . Trace Trace 29-5° (i), (11) 
2:4-Dinitrobenzaldehyde ... 8-0" 3. iB ¥' Trace 63:2 il 
p-Nitrobenzaldehyde Ot 382° 

Nitrobenzaldehyde 3 : ' § | ‘Erace y 271 
n-Nitrobenzaldehyde - - 
2-Chloro-5-nitrobenzaldehyde 
2:4: 6-Trichlorobenzaldehyde 
2 : 5-Dichlorobenzaldehyde... 
o-Chlorobenzaldehyde 
m-Chlorobenzaldehyde 
p-Chlorobenzaldehyde iiid) 
Piperonaldehyde ............+0 (1) 
p-Hydroxybenzaldehyde ? ... : - — (i) 


P = pyridine, G = glycerol. 

* The crude Schiff’s base was used without purification. 

+ An equimolecular mixture of the carbonyl compound and the amine was used. 
+ Baddar’s results (/J., 1950, 136). 


+ 


1 11-3% when the product was hydrolysed without being refluxed. * 8-0% at 120° + 2°. # Nil 
at 115° + 2°. 4 748° on a boiling-water bath. When benzylamine was mixed with isatin and 
left at room temperature for $ hr., then decomposed with dilute hydrochloric acid, benzaldehyde was 
obtained (ca. 18-0%). ® When the mixture was left at room temperature for $ hr. and worked up 
as usual, the apparent interconversion was 8-5%. °® 20-6% on a boiling-water bath. 7 Traces of 
benzaldehyde were obtained when the imine was heated for $ hr. in quinoline 165° + 5°. No benz- 


aldehyde was formed when benzylamine alone was similarly treated. 
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In the case’ of 2: 4: 6-trinitrobenzaldehyde, the acidified reaction mixture was extracted 
with ether, and the residue (0-2 g.) left on the evaporation of the solvent was crystallised from 
dilute alcohol, to give 1 : 3: 5-trinitrobenzene, identified by m. p. and mixed m. p. 

Interconversion of the cycloHexylimines.—Reaction mixtures were heated as above for 3 hr., 
then acidified with dilute hydrochloric acid, refluxed for ca. 20 min., and distilled. The distil- 
late was treated with 2: 4-dinitrophenylhydrazine solution, and the precipitated hydrazones 
were filtered off and dried. The amount of the cyclohexanone derivative in the mixture was 
estimated by extraction with hot alcohol, and the percentage of interconversion was calculated 
with the correction factors recorded in the preceding paper. In most cases the m. p. of the 
precipitated 2: 4-dinitrophenylhydrazone indicated that it was that of the original carbonyl 
compound, and no depression took place on admixture with an authentic specimen. The 
results are summarised in the Table. 

In the case of 2: 4: 6-trinitrobenzaldehyde, the mixture was found to contain 1:3: 5- 
trinitrobenzene. 

Interconversion of the Benzylimines.—After treatment as above (3 hr.), the mixture was 
acidified with dilute hydrochloric acid, and the benzaldehyde formed was estimated by the 
procedures adopted in the degradation of phenylglycine, the same correction factors being used. 
The results are summarised in the Table. 

Attempted Interconversion of «-Benzylideneamino-a-phenylacetic Esters —A solution of the 
azomethinecarboxylic ester (ethyl «-p-nitro-, -m-nitro-, -2-chloro-5-nitro, -2 : 5-dichloro-, and 
-p-hydroxybenzylideneamino-«-phenylacetate) (0-0021 mole) in dry pyridine (10 c.c.) was 
refluxed on an oil-bath at 120° + 2°, ina stream of dry carbon dioxide for 3 hr., then treated with 
aldehyde-free 95% alcohol (100 c.c.) and concentrated hydrochloric acid (15 c.c.). Treatment 
with a boiling solution of 2: 4-dinitrophenylhydrazine hydrochloride gave the hydrazone 
(m. p. and mixed m. p.) of the original aldehyde. 
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The Stabilities of Complexes formed by Some Bivalent Transition 
Metals with N-Alkyl-substituted Ethylenediamines. 
By H. Irvine and J. M. M. GRIFFITHS. 
[Reprint Order No. 4370.] 


The acid dissociation constants of NN’-dimethyl-, NN-dimethyl-, and 
NN-diethyl-ethylenediamine, together with the stability constants of the 
complexes formed by these diamines with nickel, copper, and zinc ions, 
have been determined in 0-1M-potassium chloride at 25°. Here, as with 
mono-N-alkyl-ethylenediamines, increasing substitution reduces the stabilities 
of the metal complexes relative to those of the corresponding proton com- 
plexes. The results can be interpreted in terms of steric hindrance to co- 
ordination and this also accounts for the preferential formation of basic or 
polynuclear complexes when metals react with more highly substituted 
ligands. A spectrophotometric study of the system cupric ions—~NN’-di- 
methylethylenediamine confirms the existence of only 1:1 and 1:2 com- 
plexes, whose absorption characteristics have been measured and compared 
with those of the corresponding ethylenediamine complexes. 


ALttHouGH N-methylethylenediamine, the symmetrical NN’-diethylethylenediamine 
(“dimen’’), and the unsymmetrical NN-diethylethylenediamine resemble ethylenedi- 
amine itself in giving deep violet solutions with cupric salts from which crystalline 
perchlorates of complex ions of type (I) or (II) (R = H or alkyl) can be separated, Pfeiffer 
and Glaser (J. pr. Chem., 1938, 151, 134) found that the tri-N-alkyl-substituted derivatives 
gave binuclear complexes with OH bridges of type (III; R= R’ = alkyl) while NN’- 
diethyl-N-phenylethylenediamine gave only a greenish precipitate which quickly darkened 
and formed a resin. These results, and abortive attempts to prepare ammine complexes 
of Cr®* and Co’* from N-alkyl-substituted ethylenediamines were explained in terms of 
steric hindrance. 

Now the replacement of hydrogen atoms in ammonia by alkyl groups always has a 
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base-strengthening effect although the quantitative aspects have not yet been completely 
explained (Palit, J. Indian Chem. Soc., 1948, 25, 127; Brown, Science, 1946, 103, 385; 
J. Amer. Chem. Soc., 1944, 66, 435; 1945, 67, 374, 378, 503) Since N-alkylation leads to 
stronger proton-complexes it is reasonable to suppose that it would enhance the strength 
of metal-amine complexes as well. This proves to be the case with, ¢.g., the silver-amine 
complexes which have been most extensively studied (BruehIman and Verhoek, J. Amer. 
Chem. Soc., 1948, 70, 1401; Bjerrum, Chem. Reviews, 1950, 46, 381, and refs. therein) ; 
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1 

_ \X\NHR-CH,/, \NH,°CH,/,._ CH,—NR,4 OH” \NHR“CH, 
(I) (IT) (IIT) 


but secondary amines give complexes of lower stability than would have been expected 
from their basicity, and this effect is even more marked with tertiary aliphatic amines. 
The base-strengthening effect of alkyl substitution is necessarily accompanied by an 
increase in molecular volume, and steric interference between amine molecules co-ordinated 
to a metal, and between amine molecules and solvated water, will tend to reduce the 
strength of such metal complexes. While the data for the strength of metal—amine 
complexes can be interpreted qualitatively in terms of these opposing effects (Bjerrum, 
loc. cit.) other interpretations have been advanced (Trotman-Dickenson, J., 1949, 1293). 

Since the bidentate ligand ethylenediamine forms stronger complexes with all metals 
than those formed with two molecules of ammonia, and a fortiori than those involving two 
molecules of a primary amine (Irving and Williams, /., 1953, 3192) it becomes of interest 
to examine the effect of alkyl substitution on the complexing power of ethylenediamine, 
both towards protons—where steric factors are unimportant—and towards a variety of 
metals which form co-ordination compounds of definite and different stereochemistry. 
Some results obtained in 1949 (Griffiths, Thesis, Oxford) for the three amines named above 
are reported in the present paper. The work was discontinued on learning (Basolo, 
personal communication) that the same problem was being pursued actively elsewhere. 

Measurement of Acid Dissociation Constants.—The (Bronsted) dissociation constants 
of the acids BH* and BH,** conjugate to the substituted diamine, B, are defined by 
Kopu,++ = [BH*}{H*}/[BH,**], and Kent = [B]{H*}/[BH*]. Their values were obtained 
from measurements of the hydrogen-ion activity in mixtures of base and strong 
acid of known total concentration Cy and Cy respectively, a glass-electrode and 
saturated calomel electrode in conjunction with a Cambridge pH-meter being used. 
The ionic strength was kept constant by making all solutions 0-1M with respect to 
potassium chloride, and to simulate the effect of the bivalent transition-metal sulphates 
which would be present in subsequent studies of metal complexes, the solution was made 
0-05M with respect to magnesium sulphate. Following Bjerrum (“ Metal Ammine 
Formation in Aqueous Solution,” P. Haase and Son, Copenhagen, 1941), one set of 
experiments were carried out by preparing a series of acid—base mixtures of known 
composition and measuring the pH ofeachinturn. The degree of formation of the proton— 
base complex was then calculated from the relation 7, = (Cy — [H*])/Cp, and the acid 
dissociation constants by successive approximations from the relations 


Kon,++ = {H*}(2 — 7is)/[(is — 1) + MKont/{H*}] . . . (1) 
and Kpxt ao {H*}{(1 oot Ny) +- (2 — np) {H*}/Kou,+]/Np : ° ° (2) 


This procedure demands a considerable amount of amine and in order to conserve expensive 
material an alternative procedure was examined in which a known concentration of acid 
containing 0-05mM-magnesium sulphate was titrated with 0-35M-base (all solutions being 
made 0-1M with respect to potassium chloride), the pH being measured after each addition. 
The calculation of dissociation constants is carried through as before, allowance being made 
for the small volume increases when calculating Cy and Cy. The following values were 
obtained by the two methods at 25° : 
Using separate solutions Titration procedure Value adopted 


ee 10-07 + 0-01 10-05 + 0-01 10-06 
a aes. ad a a 7:25 + 0-02, 7:32 + 0-02, 7:29 
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Excellent agreement is obtained for values of pKyy+ by the two methods but more weight 
ought perhaps to be given to values of pK xgy,++ obtained by titration, since shortage of 
diamine made it necessary to use smaller volumes when studying the pH of the more acid 
mixtures by the “ separate solutions’ procedure. An error in pKpg,++ will introduce an 
equivalent error in computing log K, and log K, (see p. 216) in addition to any experimental 
errors incurred. 

Table 1 summarises our measurements at 25°, together with data from various sources 
for other amines. 

Values of pKgu: refer to the addition of the first proton to the diamine. While a single 
alkyl group produces a small increase in basic strength, there is a marked decrease on 
introduction of a second on the same nitrogen atom, the effect being more marked with 
methyl than with ethyl groups. A second alkyl group placed symmetrically has only a 
slight effect. In these respects ethylenediamine may be compared with ethylamine where 
similar changes of basic strength are produced by alkylation, the values of pApy+ being 
respectively 10-66 for ethylamine, 11-0 for diethylamine, and 10-72 for triethylamine. 
The addition of a second proton at the nitrogen atom separated from the ’onium ion by a 
chain of two carbon atoms ought not to be too greatly influenced by the number and 
nature of the alkyl substituents there. Values of pKyy,++ show this to be true for single 
methyl or ethyl substituents; but two alkyl groups cause a definite base-weakening effect 
which is especially marked with two methyl groups placed unsymmetrically as in 
NH,°CH,°CH,"NMe,. Correction for the statistical effect (Bjerrum, of. cit.) would alter 
the apparent acid dissociation constants of ethylenediamine to 9-88 and 7-77 and those of 


TABLE 1. Acid dissociation constants at 25° of N-alkyl-substituted ethylenediamines 
of the type, NRR"CH,°CH,NHR”. 
R’ RY” pKpat+t pKgu,t++ fs. R’ R” pKpat+ pKpa,t+ A Refs. 
H 3 10-18 7-47 Hy H 10-56 7-63 2-93 
10-17 7-44 10-36 7-42 2-94 
ms £ 10-40 7-56 ee. H 10-02 7:07 2-95 
10-32 7-42 H Me 10-16 7-40 2-76 
Me H 9-53 6-63 my 10-62 7-70 2-92 
* Basolo and Murmann, J. Amer. Chem. Soc., 1952, 74, 2373. Measurements with a glass electrode 
in a medium 0-5M with respect to potassium nitrate and 0-05m with respect to barium nitrate. 
> Everett and Pinsent (Proc. Roy. Soc., 1952, 215, A, 417) report very precise data covering a wide 
range of ionic strengths, amine concentrations, and temperatures, from which thermodynamic constants 
are calculated. ¢* Keller and Edwards, ]. Amer. Chem. Soc., 1952, 74, 2931. Measurements with 
the hydrogen electrode in M-potassium chloride containing 0-1m-barium chloride. ¢ Additional 
values for ethylene diamine are quoted by Bjerrum (loc. cit. and op. ctt.). * Present authors. 
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the other symmetrical base, NN’-dimethylethylenediamine, to 9-86 and 7-70. The 
corrections appropriate to the unsymmetrical diamines cannot be calculated with any 
confidence, but they will certainly be small. The effect of these corrections will be to 
emphasise the effects of alkyl substitution on basic strength already noted. 

The Stability Constants of Copper-Diamine Complexes.—The stability of complexes 
formed between cupric ions and symmetrical NN’-dimethylethylenediamine (“ dimen ’’) 
was studied by measuring the pH of mixtures containing known total concentrations of 
ligand, Cy, of acid, Cy, and of metal, Cy; a constant ionic strength was maintained by 
making each solution 0-I1m with respect to potassium chloride. Knowing Kya: and Kpx,+ 
from previous measurements it is possible to calculate the concentration, [B], of ligand 
which is complexed neither to proton nor to metal from the equation : 


[B] = «(Cu — [H*])/mp 
where a = KpytKpp,t+/(KoutKoen,++ + Kou,++[H*] + [H*)*) 
and Mp = (Ken,++[H*] + 2(H*)*)/(Kua+Kon,++ + Kon,*+[H*] + [H’}?) 
The ligand number, or degree of formation of the complex, is then given by 


n = {Cy — (Ca — [H*])/mp}Cu . 
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Fig. 1 (open circles) shows the formation curve, viz., the plot of 7% against pB, for the 
system cupric ions—‘‘ dimen.” From this it is apparent that the highest complex formed 
has a molar ratio Cu** : “ dimen ” of 1 : 2, while its perceptibly wave-like character shows 
that the first molecule of ligand becomes chelated with appreciably greater ease than the 
second (Bjerrum, of. ctt.). Fig. 1 (solid circles) presents data obtained by titrating an acid 
solution of 0-05M-copper sulphate with 1-503M-“ dimen ”’ in 0-1M-potassium chloride. The 
formation curve is scarcely distinguishable from the former and calculations of the stability 
constants (cf. Irving and Rossotti, /., 1953, 3397) 

K, = [CuB**}/[Cu**][B], and K, = [CuB,**]/[CuB**][B] 
where B represents the diamine used gave the following results : 
log K, log Ky log K,/K, 


Using separate solutions .............cseeceeeee 9-66 6-68 2-98 
By titration procedure ..........ccseecseceevesees 9-69 6-71 2-99 


To economise in amine, the titration procedure was used in all the following measurements. 


Copper concentrations : 
O@nd @0:05M 
00-064M 


60-086M Fic. 1. Formation curve for 0-05Mm- 
copper and NN’-dimethylethylene- 
diamine at 25°. Open circles refer 
to separate solutions; black circles 
vefer to the titration method. 


! 
8 /0 4 
pB 


The possibility of binuclear complexes (e.g., III) being formed is not excluded by Fig. 1. 
However, titrations with 0-064m- and 0-086m-cupric solutions in addition to those with 
()-05m-solution gave substantially the same formation curves (cf. Fig. 1.; only a few of the 
experimental points are shown) so that this possibility may be excluded. 


TABLE 2. Stability constants at 25° of cupric complexes of diamines of the type 
NRR"CH,:CH,*NHR”. 
_ log K, log K, log K,/K, pAsu* 4 log K,K,/pKsua+ Refs. 
1-43 10-18 0:98 
1-39 10-18 0:99 
1-99 10-40 0-92 
1-81 10-56 0-88 
1-62 10-62 0-78 
3-04 10-16 0-80 
2-50 9-53 0-73 
2-60 10-02 0-68 
¢ Bjerrum and Nielsen, Acta Chem. Scand., 1948, 2, 297. Copper amalgam, and glass electrode 
measurements in M-potassium nitrate. % Basolo and Murmann, J. Amer. Chem. Soc., 1952, 74, 5243. 
Glass electrode with 0-5M-potassium nitrate, 0-1M-nitric acid, and 0-05m-copper nitrate. ¢° Data for 
RR Pr® and Bu® by the same authors show closely similar trends. * Present authors. 


Table 2 summarises measurements with several diamines from which it will be obvious 
that although N-methylethylenediamine is a stronger base than ethylenediamine 
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(cf. Table 1) it does not form a stronger complex with cupric ions; that this is due to steric 
factors is confirmed by the perceptibly greater difficulty with which the second molecule of 
diamine is chelated. In cupric complexes a square planar configuration is to be expected, 
and although cis-trans-isomerism is possible with unsymmetrical diamines the effect of 
steric factors, which can readily be demonstrated with the aid of models, will be to favour 
the trans-configuration. 

Despite the increase in basicity when ethyl replaces methyl in a mono-N-alkyl- 
substituted ethylenediamine (Table 1) there is a decrease in the stability of both 1 : 1 and 
1: 2 metal complexes. This effect is even more marked with the bulky zsopropy! group. 
Disubstitution produces a further decrease in the stability of 1 : 1 complexes which is quite 
definite in the case of the symmetrical “dimen,” great for the unsymmetrical 
NH,*CH,*CH,"NMe,, and still greater for the diethyl analogue. With these disubstituted 
amines the steric hindrance which opposes complex formation is especially noticeable in 
the attachment of the second molecule of ligand—as would again be expected from an 


V2 Li4and 4:5 


y 


Fic. 2. The absorption spectra of cupric ion 
and NN’-dimethylethylenediamine com- 
plexes. The molar ratio [Cut*] : [ligand] 
is shown on the graph. 
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examination of scale models. The magnitude of the effect is clearly shown both by the 
increase in the ratio log K,/K, (Table 2) which serves to compare the change in free energy 
on attachment of the first and the second ligand molecule (with concomitant replacement 
of solvated water), and by the trend in the values shown in the penultimate column of 
Table 2 which show how the average free energy of complex formation with cupric ions 
decreases in comparison with the free-energy change in complex formation with a proton. 

Fig. 2 shows the absorption spectra of mixtures of copper sulphate and “‘ dimen ”’ in 
molecular proportions varying from 1:1 to1:5. The isosbestic point at 660 my, and the 
fact that further increase in ligand concentration produced no change in the absorption 
spectrum demonstrates that the only complexes present are Cu(dimen)** and Cu(dimen),**. 
Knowing the stability constants for the system it is possible to calculate the parameters of 
the absorption spectrum of each individual complex (Bjerrum, of. cit.). These are given 
in Table 3 with corresponding values for the copper-ethylenediamine system interpolated 
from data by Bjerrum and Nielsen (Acta Chem. Scand., 1948, 2, 297). The large increase 
in molecular extinction coefficient caused by symmetrical N-methylation is of the same 
order as that observed when a tridentate polyamine replaces ethylenediamine, for from 
data given by Crumpler (Analyt. Chem., 1947, 19, 325) in a study of potential reagents for 
the absorptiometric determination of copper we calculate emax. for the highest complexes 
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formed by ammonia, ethylenediamine, diethylenetriamine, triethylenetetramine, and 
tetraethylenepentamine as 41, 58, 102, 121, and 140 at Amax. 635, 570, 710, 590, and 650 my, 
respectively. 
TABLE 3. Molecular extinction coefficients of copper—diamine complexes. 
A (mp) Cut+ Cu(en)** Cu(en),*+ Cu(dimen)t+ Cu(dimen),*! 
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Nickel Complexes.—Bivalent nickel usually forms four-co-ordinate square coplanar, or 
six-co-ordinate octahedral complexes with neutral ligands such as ammonia, ethylenedi- 


pee, 


Fic. 3. Formation curve for nickel 
and NN’-dimethylethylenediamine 
at 25°. 


Mickee concentration: 
0O0025M @®005M 
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amine, or dipyridyl. Measurements with 0-025Mm-nickel sulphate and NWN’-dimethyl- 

ethylenediamine gave a formation curve (Fig. 3) which indicated the addition of two 

molecules of ligand in discrete stages; but when the concentration of diamine was very 

considerably increased the ligand number rose to just above two and then decreased 

(Fig. 3, inset). This might be due to the displacement of diamine by hydroxy] ions at 

high alkalinities (in this case pH > 9) leading to the formation of a mononuclear hydroxy- 
OH 


complex NiB,** — NiB(OH)*, or of a binuclear complex of type (III), thus: 


OH a sOHy wv. \t 
" > (# Ni* Ni B) 
A OH KY 

Both reactions would cause a decrease in%. But since, until pB became large, there was no 
significant change in the course of the formation curve when measurements were repeated 
at twice the nickel concentration, and since at high ligand concentrations there was then no 
comparable decrease in 7 after the maximum value of 2 had been reached (Fig. 3 and inset, 
black circles) it would appear that mononuclear complexes were responsible for the effect 
first noted. 


[1954] Some Bivalent Transition Metals, etc. 219 


Data in Table 4 support the generalisation that complexes of nickel are invariably less 
stable than those of copper with the same ligand (Irving and Williams, Nature, 1948, 162, 
764; Analyst, 1952, 77, 813; /., 1953, 3192), and afford further evidence of steric hindrance 


TABLE 4. Stability constants at 25° of nickel complexes of diamines of the type 
NRR"”CH,°CH,"NHR”. 

R R” log K, log K, log K,/K, pkgut $ log K,K,/pKgut 
H H 7-60 6-48 1-12 10-18 0-69 
Me H 7:36 5-74 1-62 10-40 0-63 
Et H 6-78 5-30 1-48 10-56 0-58 
Pri H 5-17 3°47 1-70 10-62 0-41 
Me Me 6-65 3°85 2-80 10-16 0-52 

* Basolo and Murmann, Joc. cit. ° For values by other authors and at different temperatures 
see Irving and Williams, J., 1953, 3192. °* Log K; = 5-03. * Log K,; = 2-01. *Log K,; = 2-00. 
J LogK, not measurable. % Present authors. 


to co-ordination caused by N-alkylation. Indeed it proved impossible to obtain stability 
constants for complexes of nickel with unsymmetrical dialkylethylenediamines owing to 
the precipitation of basic salts early in the titration. 

Although the general trend in values is the same for both copper and nickel complexes 
Tables 2 and 4 show that with nickel there are smaller differences in free energy (as 
measured by 2-303 log K,/K,) in attaching successive molecules of ligand. The 
stability order Cu > Ni is again reflected in comparisons of the relative magnitudes of 
slog K,K,/pKpn* for the two metals for any given ligand. 

Zinc complexes.—It should be possible to test whether the enhanced values of log K,/K, 
which we have correlated with increasing N-alkylation are consequent upon steric 
hindrance by comparing the behaviour of nickel complexes with those of zinc where, as a 
consequence of the preferred tetrahedral arrangement of bonds, the chelation of the second 
molecule of diamine will be in a plane at right-angles to the first so that steric effects should 
be appreciably smaller. Unfortunately zinc always forms weaker complexes than does 
copper (Irving and Williams, Joc. cit.) and to reach corresponding values of % along the 
formation curves a higher concentration of amine and a correspondingly higher pH are 
necessary. Precipitation of zinc hydroxide (or of a basic complex) took place at pH 6-2 
during titrations with “‘ dimen ”’ when 7 had only just exceeded 0-5, and even when a 
ten-fold excess of diamine salt was introduced as a buffer it proved impossible to study the 
system further. The tentative value of log K, = 5-4 is, as expected, lower than that for 
the corresponding ethylenediamine complex (5-92). Since the whole formation curve is 
traceable with the unsubstituted diamine, to give log K, = 5-15 and log K, = 1-86 
(Bjerrum and Andersen, Kgl. Danske Videnskab. Selsk., 1945, 22, 1773) it appears that 
log K, in the “ dimen ”’ system must have been appreciably lower than log Ky, as a result 
of steric hindrance. We were unable to obtain any significant results for complexes of 
zinc with NN-dimethyl- or -diethyl-ethylenediamine owing to the premature precipitation 
of basic materials. 

Discussion.—From extensive studies of the stability of complexes formed between 
bases of the type NRR’R” and (Lewis) acids such as trimethylboron, Brown and his co- 
workers (loc. cit.) have found that the comparatively small free-energy changes for these 
reactions which may be formulated 


Acid + base == Adduct Poe ark ea 


represent the difference between numerically large and opposing values of AH and TAS, 
entropy values of 40 cal. per degree being not uncommon. Structural factors were shown 
to affect complex stability in two ways. Face-to-face interference, dependent on the steric 
requirements of both components, was termed F-strain. Steric effects localised at the 
back, away from the entering molecule, were described as B-strain (J. Amer. Chem. Soc., 
1944, 66, 441). 

While an obvious parallel exists between these reactions and the formation of a metal 
complex in solution where an electron donor (an ion or dipolar ligand) co-ordinates to a 
metal ion (a Lewis acid), the formal similarity between equation (6) and that commonly 
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used to define a stability constant, viz., ML,_, + L == ML,, can be misleading. In 
aqueous solution each species is more or less hydrated and we should strictly write 
ML,,_,(H,O),,aq. + L,aq. == ML,(H,O),,aq. + 7H,O 

If L is monodentate it does not necessarily and invariably follow that it will only displace 
one molecule of water. Neither is it certain that n — 1+ p= -+ q = N, the maximum 
co-ordination number of the cation. The significant hydration numbers may well be 
considerably greater than N and will certainly depend on the concentration and nature of 
the reacting species and on the concentration and nature of the salt “ background.” They 
are likely to be greater for cationic than for anionic species, ¢.g., [FeCl,]*-" when ” < 3 or 
n > 3 (cf. Gamlen and Jordan, J., 1953, 1435). But while changes in hydration number 
will play a special part in questions of the energetics of reaction—particularly in entropy 
changes—we are here concerned with emphasising the effect of hydration in connection 
with the steric factors which must operate when ammonia or an alkylamine is co-ordinated 
to a hydrated cation. 

Consider, e.g., a cupric ion with four water molecules disposed round it at the corners of 
a square, with two others further removed at the apices of a tetragonal bipyramid with 
the cation in the centre. Despite its greater deformability—a factor which would favour 
replacement of water by ammonia—the co-ordination of the bulkier molecule will be 
opposed by some F-strain. Both F-strain and B-strain will increase as ammonia is replaced 
successively by a primary, a secondary, or a tertiary aliphatic amine, and will thereby 
modify and reduce the increased bond-strength due to any increasing donor character of 
the ligand. When ethylenediamine co-ordinates to copper it is easy to see from a model 
that the hydrogen atoms attached to the nitrogen atoms of the diamine are constrained by 
the almost planar chelate ring to positions which interfere less with remaining co-ordinated 
molecules (e.g., of water in the plane which includes the copper atom) than would hydrogen 
atoms belonging to ammonia molecules co-ordinated at the same place. -Strain is reduced 
by this smaller “‘ interference volume.” For this reason, among others, the free-energy 
change on chelation of one molecule of ethylenediamine to copper (14-4 kcal.) is greater 
than that for co-ordination of two molecules of ammonia (10-4 kcal. ; further discussion will 
appear in a later paper). But the effect is still more marked in chelation of a second 
molecule of ethlenediamine to Cuen**, aq. for which the free-energy change (12-3 kcal.) is 
proportionately greater than that (6-8 kcal.) for co-ordination of a further pair of ammonia 
molecules. A comparable effect appears when F-strain due to a secondary or tertiary 
aliphatic amine is reduced by “‘ tying back” the carbon atoms attached to the nitrogen 
atom through the formation of a reduced ring. Thus among complexes of trimethylboron 
the stability order is quinuclidine > triethylamine (Brown and Sei Sujishi, J. Amer. Chem. 
Soc., 1948, 70, 2878) and diethylamine < dimethylamine < piperidine < pyrrolidine < tri- 
methyleneimine for which the values of AF yo. are +147, — 2850, —2864, —4190, and —5960, 
respectively (Brown and Gerstein, ibid., 1950, 72, 2926). Similar decreases in F-strain 
probably suffice to explain why the ratio log Kag*/pKypu* is smaller for triethylamine 
than for hexamethylenetetramine (Bjerrum, of. cit.). It is unnecessary to labour the 
respective contributions of F-strain and B-strain towards the steric hindrance opposing 
complex formation shown by the data of Tables 2, 3, and 4. One striking difference 
between complexes of copper and nickel ought, however, to be emphasised. In the former, 
four water molecules are attached coplanarly while co-ordination at right angles is 
comparatively weak. In the case of nickel there is no reason to doubt the full octahedral 
symmetry of co-ordinated water molecules in the first hydration sphere, so that replace- 
ment of water by groups occupying a larger “interference volume” will result in an 
appreciably greater F-strain, which will increase with the co-ordination of further molecules 
even more rapidly than in the case of copper. 

With increasing N-substitution the values of the successive stability constants of metal 
complexes decrease, so that in order to achieve any specified degree of complex formation 
(as measured by the appropriate value of 7) the magnitude of {[L] must be continually 
increased. This may be achieved by increasing C;, the total concentration of ligand, 
or by the addition of alkali to liberate a greater fraction of that already present from its 
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proton complexes. In either event, more particularly in the latter case, the pH will rise 
and the probability of forming mixed metal—ligand-hydroxide complexes increases. As 
their concentration rises concomitantly with increase of pH, condensation of these 
hydroxy-complexes to form binuclear ions with OH bridges of the type (III), or poly- 
nuclear ions of still greater complexity, will be favoured. In the limit, basic salts (often 
of indefinite composition) or even the metal hydroxide itself will be precipitated. This 
invariably occurred in our preliminary studies of amines of the type NMe,*CH,°CH,"NHR 
(R = alkyl or 1-piperidyl) and of the type NH,-CHR:*CH,°CH,*"NHR’ (R = alkyl, R’ = 
alkyl or 1-piperidyl) where the increased chain length was an additional factor favouring 
instability (Irving, Williams, Ferrett, and Williams, in the press). 


EXPERIMENTAL 
Materials.—NWN’-Dimethylethylenediamine (Messrs. Light and Co.) was refluxed over 
freshly fused, powdered barium oxide and fractionated in an all-Pyrex apparatus, the fraction 
of b. p. 117—119°/760 mm. being collected directly in a weight-burette fitted with a soda-lime 
guard tube. Solutions in 0-lmM-potassium chloride were prepared by weight, and the purity 
determined by titration against standard hydrochloric acid was 98:2%. After similar treat- 
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ment NN-dimethylethylenediamine, b. p. 106—107°/760 mm., had purity of 96-5% and NN- 


x. 4. Titration apparatus (not to 
scale). 


diethylethylenediamine, b. p. 143-5°/760 mm., was 97:8% pure. Carbonate-free sodium 
hydroxide was standardised against hydrochloric acid. All solutions used were made up with 
‘‘ AnalaR ”’ potassium chloride to a constant concentration of 0-1M. 

For titration experiments (see below) solutions of the diamines were prepared by adding 
known weights of freshly distilled diamine to a suitable volume of 0-1mM-potassium chloride in 
boiled-out water contained in the reservoir of a specially contructed micro-burette, Sofnolite 
guard-tubes being fitted to prevent intrusion of carbon dioxide. After thorough admixture the 
amine solution was standardised against hydrochloric acid (methyl-red), itself prepared from 
freshly distilled constant-boiling hydrochloric acid and standardised (bromocresol-green) against 
weighed portions of pure borax which was preserved over a solution saturated with respect to 
both sodium chloride and sucrose (cf. Hurley, Ind. Eng. Chem., Anal. Ed., 1936, 8, 220; 1937, 
9, 237). 

The Titration Apparatus.—Liquid to be titrated was contained in a vessel A (Fig. 4) which 
carried a Doran Universal glass electrode and communicated with the saturated calomel 
electrode N and a reservoir of saturated potassium chloride Q through the three-way tap /. 
Titrant was admitted through a micro-burette with an extended tip dipping just below the 
surface, and mixing was rapidly effected by a micro-stirrer (not shown) or by a fine stream of 
nitrogen freed from carbon dioxide and equilibrated with water vapour by passage through a 
sample of the solution to be titrated. The whole was kept in a thermostat at 25 + 0-05°. 
With the apparatus to the left of J completely filled with saturated potassium chloride and 
that to the right with the solution to be titrated, a reproducible cylindrical liquid—liquid 
boundary could be set up at X by closing S and manipulating M and / in such a way as to 
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permit the saturated potassium chloride in the capillary R to fall slowly from the upper to the 
lower of two etched marks. In later experiments the portion of tubing labelled B was eliminated 
and X and Y became coincident. In this way the development of a diffuse liquid-liquid 
boundary between Y and the solution in A during titration, which sometimes affected the 
steadiness of calibration of the glass electrode, was avoided. In the final experiments the 
inclusion of a disc of coarse sintered glass at Y was found of great advantage. Solutions in A 
could be withdrawn through K by applying slight suction without the necessity of removing 
the apparatus from the thermostat. Before and after each set of measurements the glass 
electrode was calibrated against a Cambridge pH-meter; 0-05m-potassium hydrogen phthalate 
in 0-Im-potassium chloride, and 0-05m-sodium borate in 0-1M-potassium chloride, being used 
and assumed to have pH values at 25° of 3-93 and 9-11 respectively (Hamer and Acree, J. Fes. 
Nat. Bur. Stand., 1944, 32, 215; Manov, DeLollis, Lindvall, and Acree, ib7d., 1946, 36, 543). 

Determination of Acid Dissociation Constants.—(a) By using separate solutions (all of which 
were made 0-1m with respect to potassium chloride). Various volumes of 0:368mM-NN’-di- 
methylethylenediamine were mixed with 6-25 ml. of 0-392m-hydrochloric acid and 6-25 ml. of 
(-20M-magnesium sulphate (to correspond in ionic strength with the metal sulphate to be used 
in later determinations) and made up to 25 ml. with 0-IM-potassium chloride. The pH of each 
solution was measured in turn and pKgg+ and PKgy++ were calculated as described above 
(page 214). The results are in Table 5. 

(b) Titration method. 60 M1. of 0-1682mM-hydrochloric acid, and 25 ml. of 0-20M-magnesium 
sulphate were made up to 100 ml. with 0-Im-potassium chloride. Portions of 50 ml. were titrated 
in the apparatus depicted in Fig. 4 with a 1-503m-solution of diamine in 0-im-potassium chloride. 
The measurements made at the lower alkaline range are in Table 6. The averages given are 
from these, and similar measurements at pH 9-9—10-1. 


TABLE 5. 


Amine (ml.) pH np pk (calc.) Yo. Amine (ml.) pH ip pk (calc.) 
11-00 9-90 0-6053 “14 1-566 
12-50 10-03 0-5326 -245 1-479 
12-00 9-97 0-5550 +265 1-479 
12-00 9-98 0-5550 *465 1-387 
12-00 9-965 0-5550 ; 9-60 ‘48 1-387 
8-50 7-12 1-566 


Averages: pApat = 10-07; pKpu. + = 


7 
‘ 
7 
- 
‘ 
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TABLE 6. 


Amine (ml.) nt pKgu,'+ Amine (ml.) 
2-00 7-08 1-646 7-29 2-22 
2-10 “lt 1-567 7°30 2-26 
2-14 7-23: 1-538 7-30 2-30 
2-18 “ 1-508 7-33 2-40 
Averages: pKgu,t+ = 7:32; pKpat = 10: 


TABLE 7. 


Soln Amine (ml.) i pB Soln. Amine (ml.) pH 
7-00 3°8$ 0:0498 10-87 16-0 5-91 
9-00 4-3: 0-344 10-01 16-5 5-90 
10-00 5 0-491 9-65 y 17-0 6-09 
12-00 ‘785 8 0-785 9-08 ¢ 18-0 6-19 
13-00 5: 0-931 8-65 19-0 6-30 
14-00 5-32 1-076 8-01 i 20-0 6-40 
15-00 “6 1-216 731 j 21-0 6-70 1-998 
8 9-50 , 0-418 9-83 23-0 7-58 2-017 
9 10-5 0-565 9-5% 25-0 8-02 1-982 


The acid dissociation constants of NN-dimethyl- and -diethyl-ethylenediamine were 
measured in the same way; the average values are reported in Table 1. 

Determination of the Stability Constants of Metal Complexes.—(a) By using separate solutions. 
Known volumes of NN’-dimethylethylenediamine solution (0-368m) were mixed severally with 
12-5 ml. of 0-2m-copper sulphate and 12-5 ml. of 0-392m-hydrochloric acid. All these solutions 
had been made up in 0-1M-potassium chloride and the total volume was made up to 50 ml. with 
this solution. The pH of each solution was measured in the titration apparatus (Fig. 4) and 
values of 7 and pB were calculated as described on page 215. Some typical results are in 
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Table 7. Additional measurements (see Fig. 1) were made with different concentrations of 
copper. 

(b) Titration method. A mixture of 60-00 ml. of 0-1682m-hydrochloric acid, 25-00 ml. of 
0-20M-copper sulphate, 3-00 ml. of 1-503mM-N.N’-dimethylethylenediamine, and 12 ml. of 0-1M- 
potassium chloride was titrated with 1-503mM-diamine solution. All solutions were made up in 
0-1m-potassium chloride. Steady potentials were reached within 0-5 min. of a fresh addition of 
amine. The pH readings and calculated values of 7 and pB are given in Table 8. 


TABLE 8. 
Total vol. of Total vol. of 
amine (ml.) n pB amine (ml.) 
0-048 10-89 
0-192 10-35 
0-313 10-07 
0-373 9-95 
0-433 9-84 
0-493 9-73 1-432 6-80 
0-553 9-61 1-491 6-70 
0-614 9-52 : . 1-547 6-59 
0-733 9-27 : 09% 1-604 6-49 
0-853 8-94 9-2 20% 1-716 6-27 
0-971 8-41 6 i 1-821 6-01 
1-918 5-67 
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n pB 
1-088 ‘73 
1-202 31 
1-259 7°16 
1-319 7:03 
1-376 6-91 
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Similar titrations were carried out with nickel at concentrations of 0-05 and 0-025m. The 
formation curves are reproduced in Fig. 3. Data for other systems are summarised in Table 
9, computed values of stability constants being given in Tables 2, 3, and 4. 


TABLE 9. 
pB n pb it pB i pB n pB 
0-05mM-Zinc sulphate and NN’-dimethylethylenediamine. 

0-053 12-09 , 5: 0-600 5-15 0-780 4-72 0-882 
0-167 11-63 . 0-619 5-09 0-790 4-67 0-899 
0-215 839 422 5! 0-676 4-97 0-824 4-63 0-899 
0-246 7-29 . ° 0-699 4-92 0-827 4-57 0-907 
0-269 6-69 s 0-715 4-86 0-851 4-54 0-915 
0-290 6-33 “S1i . 0-749 4-82 0-859 4-49 0-909 
0-311 6-10 , 0-769 4-77 0-868 4-44 0-908 
0-333 5-93 


0-910 
0-925 
0-920 
0-918 
0-909 
0-887 
0-836 
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0-05m-Copper sulphate and NN-dimethylethylenediamine. 
0-020 10-41 0-447 9-30 0-873 8-29 1-289 §=7-15 1-609 
0-104 10-06 0-533 9-17 0-957 7-98 1-371 6-99 1-688 
0-191 9-82 0-618 8-99 1-040 7-72 1-453 6-83 1-759 
0-274 9-64 0-703 8-81 1-123 7-50 1-534 6-68 1-817 
0-362 9-46 0-789 8-57 1-206 7-30 

0:05m-Copper sulphate and NN-diethylethylenediamine. 
0-129 9-05 0-569 8- 0-994 6-92 5-81 1-718 
0-192 8-84 0-631 : 1:050 6-67 “42 5-69 1-762 
0-255 8-67 0-693 7- 1-104 6-46 , 5-60 1-801 
0-317 8-52 0-755 ‘ 1-160 6-30 f 5-49 1-839 
0-380 = 8-40 0-817 “BE 1-216 6-17 “ 5-38 1-87 
0-443 8-28 0-878 . 1-270 6-033 629 5-29 1-896 
0-506 8-17 0-937 2 1-323 5-909 : 5-19 
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Spectrophotometric Measurements.—Solutions of 0-01mM-copper sulphate containing varying 
amounts of NN’-dimethylethylenediamine were examined in 1-005-mm. Corex cells in a 
compartment kept in a thermostat at 25° -- 0-1° and attached to a Model DU Beckman 
spectrophotometer. Typical absorption spectra are shown in Fig. 2. The formation of 1:1 
and 1:2 complexes was confirmed by Job’s method of continuous variations (Ann. Chim., 
1928, 9, 113) as modified by Vosburgh and Cooper (J. Amer. Chem. Soc., 1941, 63, 437). 


We thank Imperial Chemical Industries Limited for the gift of a number of aliphatic 
diamines and for the loan of a Beckman spectrophotometer. 
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Further Studies of the Supercooling of Drops of Some 
Molecular Liquids. 
By H. J. p—E Norpwatr and L. A. K. STAVELEY. 
[Reprint Order No. 4564.] 


Further experiments have been carried out on the extent to which liquid 
drops may be supercooled, by observation of clouds of droplets in a beam of 
light at different temperatures. For seven of the 21 liquids examined, it was 
possible to determine T,, the mean temperature of the comparatively narrow 
range in which freezing appeared to start in these circumstances. For these 
liquids, values of the interfacial free energy between crystal and liquid have 
been derived, and compared with previous results. Some remarks are made 
on the possible reasons for failure to observe crystallisation in experiments of 
this kind. 


THIS paper is a sequel to that of Thomas and Staveley (J., 1952, 4569), describing 
experiments on the supercooling of various molecular liquids. Each liquid was examined 
as a cloud of small droplets. The cloud was produced at a temperature below the 
melting point, and examined in a beam of light. Frozen droplets scintillated, but if the 
cloud had a diffuse appearance the droplets were assumed to be still liquid. In this way 
it was established that, in the absence of heterogeneous catalysts, molecular liquids super- 
cool very considerably before freezing. 

We present here the results of further experiments of this kind carried out on 21 liquids, 
mostly having lower melting points than those examined previously. As in the earlier 
work, it was not possible to obtain conclusive results with every liquid, and for only seven 
of the 21 investigated were values for the degree of supercooling determined. We shall 
later briefly consider possible reasons for this. 


EXPERIMENTAL 


All the experiments described here were carried out with the all-glass apparatus shown in 
Fig. 3 of Thomas and Staveley’s paper. A preliminary investigation of ammonia and carbon 
tetrachloride, which had been studied by these workers, gave results for the degrees of super- 
cooling identical with those previously reported. In choosing the new liquids, it was desirable 
that they should have small or fairly symmetrical molecules, so that the chances of glass form- 
ation should be reduced, that they should not attack glass, grease, or mercury, and that the 
m. p.s and latent heats of fusion should be known. For most of the liquids examined, the 
melting points were below —80° c, and for almost all others it was very unlikely that a cloud of 
droplets would freeze above this temperature. Accordingly, it was not possible to employ the 
technique of seeding with solid carbon dioxide, which Thomas and Staveley used for liquids of 
higher m. p., to decide whether or not a cloud was frozen. 

Great care was always taken to dry each sample thoroughly. For the first experiments with 
any one liquid it was not intensively purified. Further purification was, however, carried out 
before the final experiments when it appeared that positive results could be obtained, but this 
never produced any significant change in behaviour. This agrees with the earlier conclusion 
that the supercooling is not in any way critically dependent on the concentration of 
homogeneous impurities, unless these, by separating out and solidifying (as water might do), 
virtually act as heterogeneous catalysts. 

We shall first summarise the results for those liquids for which positive conclusions were 
reached about T,, the mean temperature of the comparatively narrow range in which freezing 
was observed to begin. The figure in parentheses after the name of each substance is its m. p. 
In ~ K). 

Methyl Bromide (179-4°).—The final sample was purified by a double fractionation, and the 
value obtained for T, was 155-0° + 2° x. At or slightly below T, frozen clouds scintillated 
spectacularly, and indeed this substance would serve very well for demonstration purposes. It 
is interesting to note, however, that if the cloud was produced at temperatures 15° or more 
below 7, no scintillations were visible. We do not know whether this was because at these 
lower temperatures the drops were frozen, but were too small to twinkle visibly, or because they 
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had supercooled to glass, but this observation shows that it is desirable, in investigating a new 
substance, to make the temperature intervals between experiments fairly small. 

Boron Trifluoride (144-5°).—T, was established without difficulty as 126-7° + 1-:5°x, a 
sample purified by a double fractionation being used. 

cycloPropane (145-8°).—A sample of this substance for anesthesia was further purified by 
fractionation in a column of the type described by Clusius and Riccoboni (Z. phystkal. Chem., 
1938, B, 38, 81); T, was 128-0° + 1-5°k. Between ~120° Kk and 128° k a cloud started to 
scintillate about a minute after its formation. Below ~120° k the clouds may best be described 
as apparently consisting of snowflakes rather than of individual crystals. 

Thiophen (234-95°).—The final experiments were carried out on a constant-boiling fraction 
taken from a 12-plate column, and gave T, = 184-2° + 2-5°k. Between the production of 
the cloud and the appearance of scintillations, there was always a delay of 2—3 min. in the 10° 
interval below T,. This, combined with the fact that the clouds were rather thin, made the 
uncertainty in T, somewhat larger than for the three substances already dealt with. No 
scintillations were observable below 175° k. 

Chloroform (209-7°).—The final sample was prepared by fractionating chloroform which had 
been washed with water and dried (P,O;); JT, was found to be 157-2° + 2°x. Here again 
there was a delay between the formation of a cloud and the appearance of scintillations, of about 
2 min. Scintillations were only observable a few degrees below T,. Below ~118° Kk the 
appearance of a cloud was that of a snow-storm, as with cyclopropane at the lower temperatures, 
but with much larger flakes. 

Sulphur Dioxide (197-64°).—The sample used was taken from a siphon and dried (P,O;) but 
not fractionated. The figure obtained for 7, was 164-5° + 3° x, but the result was less definite 
than those just reported. Above ~165° k, all clouds had the appearance of fine drizzle and 
settled relatively rapidly. At very low temperatures the appearance of a cloud was like that 
ofasnow-storm. As the temperature approached T,, the flakes became smaller, but occasional 
scintillations were seen. 

Methylamine (179-7°).—This was prepared by dropping an aqueous solution on to potassium 
hydroxide. It was dried first over potassium hydroxide and then over sodium, and finally 
fractionated in the low-temperature column. As with sulphur dioxide, the result is not free 
from ambiguity; but we consider that T, is approximately 144° + 5° k, since above the upper 
limit of this range, scintillations were never observed whereas they were seen below it, although 
only after a delay of 2—3 min. At still lower temperatures, scintillations were not seen. 

For the following substances it was impossible to determine a value for T,,. 

Krypton (115-95°).—It was disappointing that we were unable to measure T, for this 
substance, since it would be particularly valuable to have a result for a monatomic liquid. 
An experimental difficulty was that the clouds were at best very thin. The triple-point pressure 
is nearly 1 atm., and consequently in the range in which T, might lie a considerable quantity 
of vapour was required to saturate the cloud chamber. However, pre-charging of the cloud 
chamber to a pressure not quite sufficient to cause condensation did not result in an appreciably 
thicker cloud. By using liquid air as refrigerant, experiments were made down to 81° k. 
Scintillations could be observed at all temperatures from here to the m. p. These, however, 
only appeared after a lapse of time, but the crystals always came from the direction of the walls 
of the vessel, so it was likely that they originated on the surface. 

Carbon Dioxide (m. p. 216-6° Kk; sublimation temp. at 1 atm. 194-8° K).—This substance was 
deliberately chosen since of all common substances it has the highest triple-point pressure. It 
was impossible to obtain clouds by any means above 191° x. All the clouds produced below 
this temperature appeared frozen, consisting either of scintillating particles or large white 
lumps, except at very low temperatures where the clouds had a diffuse appearance. 

cycloPentane (179-4°), n-Heptane (182-5°), Toluene (177-7°), Pyridine (231-1°), Tetramethyl- 
silicon (174-1°), Tetramethyltin (218-4°), Silicon Tetrachloride (205-5°), Methylene Dichloride 
(176-4°), Methyl Alcohol (176-3°), Carbon Disulphide (161-1°), Ethylene Oxide (160-6°).—No 
scintillations were observed for any of these substances at any temperature down to 95° k, 
although experiments were carried out at intervals which never exceeded 7° and were less where 
freezing might have been expected. Apart from the general tendency for clouds to be thicker 
and more diffuse at lower temperatures, there was never any more or less abrupt change in their 
appearance. 

With toluene, at least, the failure was not surprising, since it could readily be supercooled to 
a glass in bulk. It seemed curious that a negative result was obtained for carbon disulphide. 
Glass formation does not seem at all likely with this substance But although it was examined 
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particularly carefully, no sign of freezing whatever was seen. With pyridine the clouds were 
rather thin at the higher temperatures. Seeding with solid carbon dioxide had no effect. 

Ethylene (103-7°).—This gave no indication of crystallisation down to 81° k, the lowest 
temperature that could be reached. 


DISCUSSION 

For the seven liquids for which it was possible to measure T,, we have calculated the 
values of the quantities o, and o,/AH;, where AH, is the heat of fusion in cal./mole, and o, 
is the surface free energy of a mole of the substance at the crystal—liquid interface. In 
these calculations, the results of which are given in the Table, Turnbull and Fisher’s 
expression for the rate of homogeneous nucleation (J. Chem. Phys., 1949, 17, 71) has been 
used, and the same assumptions have been made as by Thomas and Staveley (loc. cit.). 
For methyl bromide and boron trifluoride, which have transitions near the m. p., the latent 
heat of fusion has been replaced by the product of the m. p. and the sum of the entropies of 
fusion and transition. This supposes that at 7, these substances crystallise in the form 
stable at that temperature (cf. results for carbon tetrachloride and carbon tetrabromide in 
the earlier paper). 

M. p., TZ) (°K)  Te(°K)  Supercooling (7, —- Tz) 94, cal./mole o,/AH, 


o”7 


Boron trifluoride... 144-5 126-7 “8° 270 
cycloPropane 145-8 128-0 8 287 
Methyl bromide ... 179-4 155-0 24- 350 
Methylamine 179-7 144 35- 448 
Sulphur dioxide ... 197-6 164-6 33° 480 
Chloroform 209-7 157-2 52. 723 
Thiophen 234-9 184-2 50: 453 

Although the seven values of «,/AH, recorded in the Table are in the neighbourhood of 
one-third, like those for the molecular liquids previously studied, it is interesting that some 
of them are lower than any hitherto obtained, and that for three of the liquids concerned 
(methyl bromide, cyclopropane, and boron trifluoride), for which the determinations of 7, 
seemed particularly satisfactory, the melting points are also relatively low. This suggests 
the possibility, which can only be adequately tested by further experimental work, that 
there may be some rough correlation between o,/AH; and Ty, the melting point, such that 
o,/AH; is smaller the lower Ty. Admittedly, for methyl chloride (for which To is only 4° 
different from that of methyl bromide), Thomas and Staveley found a rather higher value 
for o,/AH, (0-39), but the determination of T, for this substance was somewhat uncertain. 

It seems desirable to emphasise that these estimates of «6, depend on assumptions which 
must in principle represent approximations to the real state of affairs. First, 7, must 
depend on drop-size and we have made no attempt to measure this. But it is unlikely 
that this dependence is very sensitive, and since supercooled clouds of different substances 
produced by the same technique in the same apparatus persist for about the same length 
of time (a matter of minutes), it seems unlikely that there is any significant variation in 
drop size. It is less easy to judge the effect of two further assumptions, namely, that o, 
and the entropy of fusion are independent of temperature. From what is known about the 
relationship between surface tension and temperature, it is unlikely that 6, would change 
rapidly. Asforthe entropy of fusion, experiments on substances such as glyceroland alcohols 
have shown that at very low temperatures the entropy difference between the glass and 
the crystal is only about one-half to one-third of the entropy of fusion at the melting point. 
The entropy difference between the supercooled liquid and the crystal decreases right from 
the melting point. Although glycerol and alcohols, by virtue of their association, are 
rather exceptional liquids, we would expect a similar trend on the part of the entropy of 
fusion for molecular liquids in general, but unfortunately the information available is 
meagre. Lastly, as Thomas and Staveley pointed out, there is some ambiguity attending 
the value of the quantity exp(—AF4/kT), where AF, is the free energy of activation for 
the actual process of addition of a molecule to a growing crystal nucleus. We have taken 
a value of 10° for this, and indeed if AF, is identified with the value of AE yisc, (the activ- 
ation energy for ordinary viscous flow) at room temperature, this exponential is not far 
from 10°. Unfortunately, for many of the liquids studied, viscosity data do not extend 
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much below room temperature, and in any case we are concerned with the state of affairs 
well below the melting point. Pryde and Jones (Nature, 1952, 170, 685) have recently 
succeeded in preparing water in a vitreous condition, and in measuring the temperature at 
which its molecules had acquired sufficient mobility to enable the glass to crystallise 
(144° k). From this they concluded that at this temperature, AEyisc, is at least 
16,000 cal./mole, which is more than three times its value at the melting point. Similar 
large increases in AE yisc, are Shown by supercooled alcohols. 

Observations of this kind suggest that values of exp(—AF4/k7) in the neighbourhood 
of T, may be much smaller than 10~?, and the true values for o, consequently different from 
those calculated by us. In addition, they strengthen the possibility that the apparent 
failure of some liquids to freeze may be because homogeneous nucleation is prevented by a 
high value of AFy. For toluene there is little doubt that this is so, since, as 
already mentioned, it can be supercooled to a glass in bulk. An interesting contrast is 
provided between cyclopentane, cyclohexane, cyclopropane, and benzene, since the two 
which were observed to crystallise are those with planar molecules. If, as seems likely, 
the process of addition to a growing nucleus is one involving molecular reorientation, 
rather than displacement, this reorientation might well be energetically more difficult for 
non-planar than for planar molecules. Likewise, the failures with silicon tetrachloride, 
tetramethylsilicon, and tetramethyltin, as contrasted with the ready crystallisation of 
carbon tetrachloride and carbon tetrabromide, may be ascribed to the fact that the very 
compact molecules of the last two compounds can readily reorientate themselves, whereas 
the greater length of the bonds radiating from the central atom in the molecules of the other 
three substances causes greater interlocking, and hence reduced rotational freedom. 

Thomas and Staveley were not able to establish T, for hydrogen sulphide, nitrous oxide, 
and hydrogen chloride, and we likewise did not succeed with krypton and carbon dioxide. 
These are all substances of high triple-point pressure and relatively low melting point. For 
a series of substances with the same values of o,/AH,, the degree of supercooling, Ty — T., 
decreases as the melting point, 75, falls. Moreover, if as tentatively suggested on p. 226, 
o,/AH, itself tends to fall as Ty decreases, Ty — T, would be even less for lower-melting 
substances. Consequently, for the five gases under discussion, JT, may not be far below T). 
This, combined with the difficulty of producing clouds at all near the melting point, may 
have been responsible for our inability to determine T,. 
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Synthesis of Fluoranthenes. Part XII.* Spectroscopic 
Examination of Fluoranthene Derivatives. 


By H. W. D. Stusss and S. Horwoop TUCKER. 
[Reprint Order No. 4609.] 


Ultra-violet spectra have been recorded of mono-, di-, and tri-methyl- 
fluoranthenes, and of the methoxyfluoranthenes. For this purpose, 
3:4-dimethyl- and 2-, 4-, and 10-methoxy-fluoranthene have been 
synthesised. 


Few ultra-violet absorption spectra of compounds containing the fluoranthene ring 
system have been recorded. (For references, see Tucker and Whalley, Chem. Reviews, 
1952, 50, 484; Friedel and Orchin, “‘ Ultra-violet Spectra of Aromatic Compounds,” 1951, 
Nos. 489—444; Stubbs and Tucker, /., 1951, 2936; Tucker and Whalley, /., 1952, 3187). 
Since absorption spectra are being increasingly used not only for characterisation of 
isomers, but also for their identification in mixtures (cf. Jones, Chem. Reviews, 1943, 32, 
1; J. Amer. Chem. Soc., 1945, 67, 2127) we have examined the ultra-violet absorption 
spectra of a number of fluoranthene derivatives prepared in this series of researches (see 
Table, and Figs. 1—2). Replacement of a hydrogen atom by a methyl] group in an aromatic 
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hydrocarbon has only slight effect on the general outline of the absorption curve: any 
shift of the main absorption bands is to longer wave-lengths (cf. Jones, Jocc. cit.; Brode 
and Patterson, J. Amer. Chem. Soc., 1941, 68, 3252). It will be seen (Table and Fig. 1) 
that the substitution of one or more methyl groups in fluoranthene has practically no effect 
on the shape of the curve but produces a slight progressive shift of most of the absorption 
maxima towards the red end of the spectrum. The absorption curve of 2-methoxy- 


fluoranthene (Fig. 2, apart from the prominent a-band at 327-5 my) is remarkably like the 
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Fie. 1. 
A, Fluoranthene. 
B, 2: 4-Dimethylfluoranthene. 
C, 3: 4-Dimethylfluoranthene. 
D, 2:3: 4-Trimethylfluoranthene. 
(Each curve, except that of A, dis- 
placed by + 0:3 (loge) above the 
lower curve.) 


Fic. 2. 

A, 2-Methoxyfluoranthene. 

B, 4-Methoxyfluoranthene (displaced 
+ 0-2 unit, log). 

C, 10-Methoxyfluoranthene (displaced 
+ 0-4 unit, log €). 

D, 11-Methoxyfluovanthene (displaced 
+ 0-6 unit, log €). 


FOL 
very flat one of 4-phenylfluoranthene (Stubbs and Tucker, J., 1951, 2937), and similar 
to that of 4-methoxyfluoranthene (Fig. 2) (for numbering see inset) In these three 

compounds electronic interaction between the substituent methoxyl or 
phenyl group and the naphthalene nucleus is probable. If, as already 
suggested (Clar, Stubbs, and Tucker, Joc. cit.), ‘‘ p-absorption in fluoranthene 
is located in the naphthalene ring system,’”’ one would expect these three 
compounds to have spectra varying similarly from that of fluoranthene. 
On the other hand, since the benzene ring in fluoranthene, on the above 
assumption, has very little effect on p-absorption, 10- and 11-methoxyfluoranthene should 
have spectra closely related to that of fluoranthene. This is seen to be so (Fig. 2). Clearly, 
since the spectra of 2- and 10-methoxyfluoranthene are so different, there is no justification 
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for assuming that methoxyl groups in these two compounds have any steric effect on 
planarity of the molecule. 

For these investigations several fluoranthene derivatives had to be synthesised, v7z., 
2-, 4-, and 10-methoxy-fluoranthene (3-methoxyfluoranthene has not yet been prepared). 
1-o-Methoxyphenylnaphthalene was also needed for comparison. 3 : 4-Dimethylfluor- 
anthene was easily prepared. 

The method successfully adopted for the synthesis of 11-methoxyfluoranthene failed 
when applied to the synthesis of the 10-methoxy-isomer (Hawkins and Tucker, J., 1950, 
3286). Another attempt, herein described, also failed since, although 3-bromo-2-nitro- 
anisole reacts with l-iodonaphthalene, by the Ullmann method, to give the expected 
]-(3-methoxy-2-nitrophenyl)naphthalene which can be reduced to the corresponding 
amine, cyclisation to give 10-methoxyfluoranthene failed. These two failures are surprising 
since this compound has been synthesised without difficulty by a new route: 1-bromo-8- 
nitronaphthalene +- 0-iodoanisole —» 1-o-methoxypheny]-8-nitronaphthalene —» amine 
—+» 10-methoxyfluoranthene. It might have been expected that ring closure on the 
benzene ring, as effected in the last synthesis, would have been less easy than at the 
a-position of the naphthalene nucleus. 

For comparison, l-o-methoxyphenylnaphthalene was synthesised by an Ullmann 
reaction from o-iodoanisole and 1l-iodonaphthalene, and two forms, m. p. 91—93° and 
98—99°, respectively, were isolated. It was later learned that Dr. Orchin had previously 
isolated these (m. p. 91-2—92-6° and 98-6—99-8°), starting from o-methoxyphenyl- 
magnesium bromide and a-tetralone (Orchin, J. Amer. Chem. Soc., 1948, 70, 495). We 
have repeated and confirmed his work. A sample (m. p. 98-6—99-8°) which he kindly 
supplied, has proved identical in properties with our material. He states that the lower- 
is slowly transformed into the higher-melting form. We have found that 1:2:3:4- 
tetrahydro-1-hydroxy-l-o-methoxyphenylnaphthalene can be dehydrated and dehydro- 
genated in one stage to l-o-methoxyphenylnaphthalene by boiling its solution in xylene 
with iodine and magnesia. This dehydrogenation process would appear to be restricted 
in scope to dihydro-compounds since tetralin was unaffected under comparable conditions 
(cf. Potter and Taylor, /., 1953, 1320, and references therein). 

These syntheses of 1-o-methoxyphenylnaphthalene throw light on the work of Honig- 
schmidt (Monatsh., 1902, 28, 823) who, by the action of diazotised l-naphthylamine on 
phenol, obtained 1-x-hydroxyphenylnaphthalene (cf. Hodgson and Foster, J., 1942, 581). 
This on methylation gave a methoxyphenylnaphthalene, m. p. 90-7—91-2°, assumed by 
van Alphen and Drost (Rec. Trav. chim., 1950, 69, 284) to be 1-o-methoxyphenylnaphthalene. 
The above syntheses prove that this is correct. These authors mentioned the possibility 
of dimorphism (cf. van Alphen, Ber., 1928, 61, 276; 1938, 71, 491; 1930, 63, 94; 1931, 
64,1819; Rec. Trav. chim., 1932, 51, 179, 361, 453), but had obviously overlooked Orchin’s 
paper (loc. cit.). 

1-o-Methoxyphenylnaphthalene gives a picrate with the somewhat unusual proportion 
of 0-5 mol. of picric acid. 

For synthesis of 2-methoxyfluoranthene, 1-iodo-2-methoxynaphthalene was prepared 
by iodination of 2-methoxynaphthalene (Jurd, Austral. J. Sci. Res., 1949, 2, A, 246). 
An Ullmann reaction with this iodo-compound and o-bromonitrobenzene, with subsequent 
procedure as in this series of papers, led to 2-methoxyfluoranthene. The possibility that 
ring closure had involved the methoxyl group was excluded by a Zeisel estimation on the 
product (2-methoxyfluoranthene) which gave the expected result. 4-Methoxyfluoranthene 
was synthesised similarly from 1-iodo-4-methoxynaphthalene (cf. Forrest and Tucker, 
J., 1948, 1139). 

3:4-Dimethylfluoranthene has been synthesised by a straightforward Grignard 
reaction on 1 : 2: 3: 4-tetrahydro-3-methyl-4-oxofluoranthene, followed by dehydration— 
dehydrogenation. 

EXPERIMENTAL 

Ultra-violet absorption spectra were recorded on the Unicam spectrophotometer, ethanol 
being used as solvent. 

10-Methoxyfluoranthene.—8-Nitro-1-naphthylamine (Hodgson and Crook, J., 1936, 1845; 
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Hodgson and Ratcliffe, J., 1949, 1314) was converted into 1-bromo-8-nitronaphthalene (m. p. 
99—100°) as for the corresponding iodo-compound (Hodgson and Crook, J., 1937, 572). 0- 
Iodoanisole (2-34 g., 2 mols.), 1-bromo-8-nitronaphthalene (2-52 g., 1 mol.), and copper bronze 
(1-0 g.) were heated at 224° (methyl salicylate bath) (Tucker, J. Chem. Educ., 1953, in the press) 
for 1-5 hr., and stirred (tantalum-wire stirrer). The product was extracted with benzene, the 
solution evaporated, and the black residue so obtained extracted with cold benzene. Insoluble 
8 : 8’-dinitro-1 : 1’-dinaphthyl (0-1 g.), recrystallised from acetic anhydride diluted with acetone, 
had m. p. 290° (decomp.) (Found: C, 69-8; H, 3-4; N, 7:9. Calc. for C.9H,,0O,N,: C, 
69-8; H, 3-5; N, 81%). The benzene solution was chromatographed on alumina. The first 
portion (ca. 10 ml.) of the eluate, after removal of benzene, gave a pale yellow oil; a solution 
of this in excess of methanol slowly gave crystals of the desired product (see below), and 0-iodo- 
anisole remained in solution. The next portion of eluate (ca. 50 ml.), treated similarly, gave 
at once pale greenish-yellow rectangular lathes, m. p. 135—136°, of 1-0-methoxryphenyl-8-nitro- 
naphthalene (1-01 g., 35%) (Found: C, 73-1; H, 4:6; N, 5-1. C,,H,,0,N requires C, 73-1; 
H, 4:7; N, 5-0%). It crystallised also from benzene-light petroleum (b. p. 60—80°) but the 
crystals became opaque on storage, presumably owing to loss of solvent of crystallisation. 

Use of 1-iodo-8-nitronaphthalene in place of the bromo-analogue in the above preparation 
gave relatively more dinitrodinaphthyl and less of the desired compound. 

1-o-Methoxypheny]-8-nitronaphthalene (0-93 g.) was reduced at room temperature and pressure 
by hydrogen (theoretical absorption in 1] hr.) in presence of Raney nickel (ca. 1 g.), in ethanol 
(50 ml.), to give stout, pale brown prisms (from light petroleum, b. p. 60—80°), m. p. 106— 
107° (0-65 g., 78%), of 8-o-methoxyphenyl-1-naphthylamine (Found: C, 81-7; H, 6-0; N, 5-6. 
C,;H,,ON requires C, 81:9; H, 6:1; N, 5-6%). This amine (0-49 g.) in glacial acetic acid 
(5 ml.) was added to a solution prepared by dissolving sodium nitrite (0-2 g.) in concentrated 
sulphuric acid (2 ml.) and then diluting it with glacial acetic acid (5 ml.). The black solution 
was diluted with water (10 ml.) and then treated with sulphamic acid to destroy excess of nitrous 
acid. Addition of copper bronze and warming caused effervescence and formation of a tar. 
It was extracted with hot benzene, and the benzene extract, after extraction with hot 20% 
potassium hydroxide solution, was washed, dried, and passed through a chromatographic 
column (alumina). A continuous band, fluorescing brilliant violet in ultra-violet light, was 
eluted, leaving a canary-yellow band surmounted by green and red-brown bands. The violet- 
fluorescing benzene solution, on evaporation, gave pale yellow crystals (0-14 g.). These were 
only partly soluble in ethanol. The insoluble pale green residue crystallised from benzene 
in light green rosettes, m. p. 290°. On combustion, a residue was left. Analysis, allowing for 
residue, indicated that the substance may be 1: 1’-(di-o-methoxypheny])-8 : 8’-dinaphthy]l. 
The above ethanol filtrate from these gave pale green prisms, which after recrystallisation 
(from benzene, then ethanol) gave material, m. p. 106—108°. This was converted in ethanol 
into 10-methoxyfluoranthene picrate, deep magenta prisms, m. p. 123° (Found: C, 59-7; H, 
3-2; N, 9-0. C,,H,,0,C,H,0O,N, requires C, 59-9; H, 3-3; N, 9-1%). Chromatography of 
this picrate in benzene, as above, gave, from ethanol, pale green prisms, m. p. 106—108°, of 
10-methoxyfluoranthene (Found: C, 88-1; H, 5-2. C,,H,,0 requires C, 87-9; H, 5-2%). The 
2:4: 7-trinitrofiuorenone complex gave (from acetic acid) black needles with a purple reflex, 
m. p. 211—212° (Found : C, 65-6; H, 3-1; N, 7-7. C,,H,,0,C,;H,0,N, requires C, 65-8; H, 3-1; 
N, 7:°7%). The fluoroborate method for cyclisation, as developed by Heacock and Hey (/., 
1952, 1508), gave a small yield of 10-methoxyfluoranthene, identified as such and as its picrate. 

The following nitro- and amino-compounds were prepared; but cyclisation to give 10- 
methoxyfluoranthene failed. 

1-(3-Methoxy-2-nitrophenyl)naphthglene.—3-Bromo-2-nitroanisole (0-6 g.), 1-iodonaphthalene 
(0-7 g.), and copper bronze (0-5 g.; washed with carbon tetrachloride) were heated at 220— 
230° for 2 hr., with frequent stirring. The benzene extract of the product was chromatographed 
on alumina and gave 1-(3-methoxy-2-nitrophenyl)naphthalene (0-49 g., 55%) as yellow needles 
(from ethanol), m. p. 154—155° (Found: C, 73-1; H, 4:5; N, 5-0. C,,H,,0,;N requires C, 
73-1; H, 4:7; N, 5:0%). Reduction of this nitro-compound in ethanol by hydrogen in presence 
of Raney nickel at room temperature and pressure gave prisms (from ethanol), m. p. 86—88°, 
with softening at 84° (yield, ca. 100%) of 1-(2-amino-3-methoxyphenyl)naphthalene (Found : 
C, 81:7; H, 5-9; N, 5-6. C,,H,,ON requires C, 81-9; H, 6-1; N, 5-6%). 

1-o-Methoxyphenylnaphthalene.—o-Iodoanisole (2-3 g.), 1l-iodonaphthalene (2-5 g.), and 
copper bronze (2-5 g.) were heated at 240° (diethylene glycol) for ? hr. The product was 
extracted with acetone, the solution evaporated, and the oil obtained dissolved in light petroleum 
(b. p. 60—80°). Black crystals separated (shown to be 2: 2’-dimethoxydiphenyl, m. p. 152 


232 Stubbs and Tucker : 


154°) (Found: C, 78-4; H, 6-3. Calc. for C,,H,,0O,: C, 78:5; H, 66%). The petroleum 
filtrate was distilled, finally in a vacuum, until only a high-boiling oil was left. This was 
chromatographed (light petroleum, b. p. 60—80°; alumina), The first part (25 ml.) of eluate 
gave uncrystallisable oil; the second portion (100 ml.) gave on evaporation an oil which dis- 
solved in methanol and gave thick rosettes of faintly yellow crystals, which recrystallised from 
light petroleum (b. p. 40—60°) in colourless bulky rosettes (0-05 g.), m. p. 91—93°, of 1-o- 
methoxyphenylnaphthalene (Found: C, 87:0; H, 6-0. Calc. for C,,H,,O: C, 87-15; H, 
6:0%). The hemipicrate (prepared in ethanol) separated from methanol in bright yellow, 
rectangular laths, m. p. 106—108° (Found: C, 68-9; H, 4:5; N, 6-1. 2C,,H,,0,C,H,O,N, 
requires C, 68-9; H, 4:5; N, 60%). Excess of picric acid (1-1 mols.) was required in the 
preparation of this picrate; when proportions were those of the above complex the starting 
material separated. Chromatography of this picrate gave 1-o-methoxyphenylnaphthalene, 
m. p. 91—93°, as above, but, when the picrate was washed with sodium hydrogen carbonate 
solution and the residue crystallised from light petroleum (b. p. 40—60°), 1-o-methoxyphenyl- 
naphthalene, m. p. 98—99° (Orchin, loc. cit., gives m. p, 98-6—99-8°), was isolated. This could 
not be repeated. But a sample, m. p. 98—99°, supplied by Dr. Orchin, when mixed with our 
crystals, m. p. 91—93°, melted at 91—98°. A solution in ethanol of our crystalline form, 
m. p. 91—93°, after being seeded with Dr. Orchin’s sample, gave crystals, m. p, 97—99°. 

The ultra-violet absorption spectrum of l-o-methoxyphenylnaphthalene (in ethanol) had 
maxima at 284 (log ¢ 3-99) and 223 my (log ¢ 4-86), as found by Friedel and Orchin (op. cit., 
No. 293) for a cyclohexane solution. 

1-o-Methoxyphenylnaphthalene.—This was prepared in one step from 1:2: 3: 4-tetra- 
hydro-1-hydroxy-l-o-methoxyphenylnaphthalene (cf. Orchin, Joc. cit.) (0-25 g.), iodine (0-25 g., 
1 mol.) and magnesia (0-5 g.) in boiling xylene (10 ml.). The iodine was added as the colour 
was discharged during 45 min. More magnesia (0-5 g.) was added, the mixture boiled for a 
further 30 min., and the deep red liquor was distilled, finally under vacuum, to remove xylene 
only. The residue was extracted with light petroleum (b. p. 60—80°), the extract evaporated, 
and the residual dark oil dissolved in ethanol, Addition of picric acid (0-25 g.) to the hot 
solution gave the picrate (0-35 g.; m. p. 102—105°). It was chromatographed [benzene-— 
light petroleum (2:1) and finally benzene; alumina, 1 x 10 cm.] and the first eluate (ca. 
200 ml.) evaporated to give a pale yellow oil, which, after crystallisation from ligroin (b. p. 
40—60°), gave l-o-methoxyphenylnaphthalene, m. p. 91—93° (0-19 g., 81%). 

3: 4-Dihydrvo-1-o-methoxyphenylnaphthalene.—A mixture of 1 : 2: 3 : 4-tetrahydro-l-hydroxy- 
l-o-methoxyphenylnaphthalene (0-25 g.) and 90% formic acid (2-5 ml.) was boiled for 1 hr. 
Instead of the product being distilled (Orchin, loc. cit.), the mixture was diluted with water, 
and the precipitated oil washed with water, dried in a current of air, and dissolved in light 
petroleum (b. p. 40—60°). On cooling, the dihydro-compound (0-20 g., 84%), m. p. 65—66°, 
separated (Orchin gives m. p. 66-6—67-6° for the pure compound). Addition of toluene-p- 
sulphonic acid to the formic acid solution seemed to facilitate dehydration. 

Dehydrogenation of this dihydro-compound was accomplished in two ways: (A) By the 
method described above for dehydration-dehydrogenation of 1 : 2: 3: 4-tetrahydro-1-hydroxy- 
1-o-methoxyphenylnaphthalene. (B) 3: 4-Dihydro-l-o-methoxyphenylnaphthalene (0-12 g.) 
was heated with chloranil (0-13 g.) in boiling xylene (2 ml.) for l hr. Dilution with hot benzene, 
extraction of the solution with alkaline sodium pyrosulphite, and evaporation of the xylene— 
benzene extract (finally in a vacuum) left a red oil. The picrate therefrom gave l-o-methoxy- 
phenylnaphthalene in poor yield. 

2-Methoxyfluoranthene.—2-Methoxy-1-o-nitrophenylnaphthalene. 1-Iodo-2-methoxynaphth- 
alene (Jurd, Austral. J. Sci. Res., 1949, 2, A, 246) (2 g.) and o-bromonitrobenzene (1-6 g.) 
were heated to 220—230°, and copper bronze (2-4 g.) was added with stirring during 30 min. 
Heating was continued with occasional stirring for a further 90 min. The mass was extracted 
with benzene, and the solution chromatographed on alumina. The first brown band gave a 
yellow eluate, which on evaporation gave yellow needles (from ethanol) (1 g., 50%), m. p. 1383— 
134°, of 2-methoxy-1-o-nitrvophenylnaphthalene (Found: C, 72:9; H, 4:7; N, 5-1. C,,H,,;03,N 
requires C, 73-1; H, 4-7; N, 5-0%). Reduction of this nitro-compound with hydrogen in 
presence of Raney nickel in ethanol gave 1-o-aminophenyl-2-methoxynaphthalene as an oil. 
In ethanol it gave a picrate, crystallising from benzene in globular clusters of yellow needles, 
m. p. 205° (decomp.) (Found: C, 57-7; H, 4:0; N, 11-7. C,,H,,ON,C,H,O,N; requires C, 
57-7; H, 3:8; N, 11:7%). The acetyl derivative of the amine gave plates (from benzene- 
light petroleum), m. p. 135—136° (Found: C, 77:7; H, 5:9; N, 5-0. CygH,,;O,N requires C, 
78:3; H, 5-9; N, 48%). 
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The above picrate was shaken with a mixture of ammonia solution and ether, the recovered 
]-o-aminophenyl-2-methoxynaphthalene (1-9 g.) was dissolved in warm dilute sulphuric acid, 
and the solution cooled to 0° and diazotised (sodium nitrite, 0-6 g.). Urea was added, then 
copper bronze (washed with carbon tetrachloride), and the scarlet diazo-solution was stirred 
(45 min.) at room temperature, then warmed on the steam-bath (30 min.) to complete discharge 
of the colour. Filtration, extraction with benzene, and chromatography (from light petroleum, 
b. p. 60—80°; alumina) gave a colourless eluate with a blue fluorescence. This solution gave 
faintly green feather-like crystals, m. p. 111—113°, of 2-methoxyfluovanthene (Found: C, 88-0; 
H, 5-4; OMe, 13-8. C,,H,,O requires C, 87-9; H, 5-2; OMe, 13-4%). 

4-Methoxyfluoranthene.—4-Iodo-1-naphthyl methyl ether. 1-Naphthyl methyl ether (2 g.), 
potassium iodide (2-1 g.), potassium nitrate (2 g.), and acetic acid (40 ml.) were boiled till all 
the potassium iodide had reacted (15 min.), The mixture was poured into water, and the 
precipitate crystallised from methanol in leaflets, m. p. 52—55° (2-9 g., 81%), of 4-todo-1- 
naphthyl methyl ether (Found: C, 46-6; H, 3-4; I, 44:8. (C,,H,OI requires C, 46-5; H, 3-2; 
I, 44:7%). The use of iodine in place of potassium iodide gave an inferior result. The use of 
potassium iodide (1-42 g.) and potassium iodate (2 g.) gave 4-iodo-l-naphthyl methyl ether, 
but the reaction period was considerably longer (6—7 hr.) and the yield lower (63%). 

1-Methoxy-4-o0-nitrophenylnaphthalene.—4-Iodo-1-naphthyl methyl ether (2-8 g.) and o- 
bromonitrobenzene (2-2 g.) were heated to 220°, and copper powder (3-5 g.; washed with 
carbon tetrachloride) added, with stirring. After 2 hours’ heating the cooled mass was extracted 
with benzene and the solution chromatographed on alumina. The first eluate (orange) gave 
on evaporation a red oil, trituration of which with ethanol followed by crystallisation from 
light petroleum (b. p. 60—80°) gave clusters of golden prisms, m. p. 113—115°, of 1-methoxy- 
4-0-nitvophenylnaphthalene (1:7 g., 62%) (Found: C, 73-1; H, 4:95; N, 5-0. C,,H,,0,N 
requires C, 73-1; H, 4:7; N, 50%). Reduction of this nitro-compound with hydrogen in 
presence of Raney nickel in ethanol gave 4-0-aminophenyl-1-methoxynaphthalene, m. p. 93—95° 
(from methanol), (ca. 100%) (Found: C, 81:7; H, 5:9; N, 5-6. C,,H,;ON requires C, 81-9; 
H, 6:1; N, 56%). This amine was dissolved in excess of hot dilute sulphuric acid, and the 
solution cooled with stirring, to give the sulphate as a white crystalline precipitate, which was 
diazotised at room temperature, giving a red solution. Urea was added, then copper powder. 
After 30 minutes at room temperature the mixture was heated on the steam-bath with frequent 
stirring, until it became colourless. The filtered and dried residue was extracted with benzene, 
and the solution chromatographed on alumina. The yellow eluate (strong blue fluorescence) 
gave 4-methoxyfluovanthene (48%), which crystallised from ethanol in green nacreous leaflets, 
m. p. 156—157° (Found: C, 87-8; H, 5:3; OMe, 13-3. (C,,H,,O requires C, 87-9; H, 5-2; 
OMe, 13-4%). 

3 : 4-Dimethylfluoranthene.—1 : 2: 3 : 4-Tetrahydro-3-methyl-4-oxofluoranthene (0-78 g., 1 
mol.), dissolved in dry benzene (10 ml.), was added to a solution of methylmagnesium iodide 
(from magnesium, 0-25 g., 3atoms; methyl iodide, 1-4 g., 3 mols; ether, 5 ml.), and the mixture 
boiled for 1 hr. Treatment with dilute hydrochloric acid, and distillation of the benzene, gave 
(colour change, red to yellow-green) a yellow, oily residue which was dissolved in light petroleum 
(b. p. 60—80°) and chromatographed on alumina. The pale green (blue-fluorescent) eluate 
gave, on evaporation, a green, strongly fluorescent oil, which was essentially 1 : 2-dihydro- 
3: 4-dimethylfluoranthene since it gave a 2: 4: 7-trinitrofluorenone complex (in glacial acetic 
acid) crystallising from ethyl acetate in orange needles, m. p. 177—178° (softening at 170°) 
(Found: C, 68-1; H, 4:0; N, 7:8. C,,H.,C,;;H;O,N, requires C, 68-0; H, 3-9; N, 7-7%). 
The oily 1: 2-dihydro-3 : 4-dimethylfluoranthene was readily dehydrogenated by chloranil 
in xylene (1-5 hr.), and chromatography of the product (light petroleum, b. p. 60—80°; alumina) 
gave a green (blue-fluorescent) solution which, on evaporation, gave pale green needles, m. p. 

3—85° (softening at 81°) (84%) of 3 : 4-dimethylfluoranthene (Found: C, 93-9; H, 5:9. CygH 1,4 
requires C, 93-9; H, 6-1%). It gave a picrate, orange needles (from benzene), m. p. 181—182° 
(softening at 150°) (Found: C, 63-05; H, 4:0; N, 9-2. C,gH,4,CsH,O,N, requires C, 62-7; 
H, 3-7; N, 9°15%). 
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The Strengths of Some Organic Bases. 


By K. A. ALLEN, J. CyMERMAN-CRaIG, and A. A. DIAMANTIS. 
[Reprint Order No. 4462.] 


The basic strengths of twenty-nine organic amines have been determined 
by potentiometric titration in 50% aqueous alcohol, and the results are 
discussed. 


THE percentage of a compound ionised at the physiological pH (7-2) is an important factor 
in deciding its biological activity (cf. Albert, Rubbo, ef al., Brit. J. Exp. Path., 1945, 26, 
160; 1949, 30,159). Ionisation constants have now been determined for a series of organic 
bases exhibiting tuberculostatic activity. 

The pK, values were obtained by potentiometric titration of the base in 50° aqueous 
alcohol with n/20-hydrochloric acid; in some cases (compounds 24, 25, and 26, Table 4) 
the hydrochloride of the base was titrated with N/20-sodium hydroxide. The concentra- 
tion of the base was ca. 0-002M and the procedure was that of Carswell, Cymerman, and 
Lyons (J., 1952, 430). 

The effect of 50% alcohol on the ionisation of organic bases has been discussed by many 
authors (cf. Carswell et al., loc. cit.) and it is assumed that the pK, values of a related series 
of bases will have the same order in dilute alcohol as in water. 

The pK, values of some primary aromatic amines, determined in 50% alcohol, are given 
in Table 1. Most of these are structurally related to aniline or 4-aminodiphenyl. The 
possibility of mesomeric interaction between the lone pair of the uncharged nitrogen atom 
in a primary aromatic amine increases with the number of fused aromatic rings; this 
would be expected to enhance the stability of the un-ionised form, and hence decrease the 
basic strength. The addition of fused benzene rings to aniline decreases the pK,, the 
effect of each additional ring becoming less with increasing number of rings (see Nes. 16, 17, 
1, and 2 in Table 1). 


TABLE 1. Jonisation in 50% alcohol at 20°. 


Compound ¢ : Compound 


9-Aminophenanthrene ............... 3 2-Aminodibenzofuran 
2-Aminochrysene piiekach arabes nse 2-Aminofluorenone ..... : 
4-Aminodiphenylamine ................ 5: 4: 4’-Diaminodiphenyl disulphide 
-Aminodiphenylmethane ............ “5 4: 4’-Diaminodiphenyl re aaa 
-Aminodiphenyl ether 4- p-cvcloHexylaniline yakekedoers ows 
-Aminodiphenyl sulphide 3° 5 N-Phenyl-f- naphthylamine 
-Aminodiphenyl — 2: Aniline ..... beince Shs heuase Radeeesah 
-Aminofluorene ...... Pacaan wut ous . p- Naphthylamine 
2-Aminodibenzothiophen WStbemeueses : 4-Aminodiphenyl 


1 Carswell, Cymerman, and Lyons, loc. cit. % Value estimated from Ap, from aniline to 
f-naphthylamine in watery (Hall and Sprinkle, J. Amer. Chem. Soc., 1932, 54, 3472). 


Compounds 3—7 are #-substituted anilines, and the substituents Ph-NH, Ph-CHg, 
PhO, H, PhS, and Ph:SO, provide dissociation constants which decrease in this order, 
compatible with our knowledge of the electronic displacements effected by these groups. 

Although both —O- and —S— have +-/ and —E effects, yet oxygen is known to be base- 
strengthening and sulphur base-weakening when substituted in the -position in aniline 
and phenol (Table 2). The explanation offered is that in the case of -O— the —E effect is 
much stronger than the +J effect, and the net result is base-strengthening, while in the case 
of -S-, despite the slight decrease (Table 3) in the +-J/ effect, the magnitude of the decrease 
in the —E effect (Baddeley, J., 1950, 663) is such that the net result is base-weakening. 
In the case of compounds 5 and 6 (Table 1), their pK,’s follow the above order. The 
pX,’s of the phenoxy- and the phenylthio-compound (Nos. 5 and 6) are lower than those of 
their methoxy- and methylthio-analogues (Table 2), in agreement with the +E£ effect of 
the aryl, and the electron-releasing effect of the alkyl group. Baker, Barrett, and Tweed 
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(J., 1952, 2831) showed, however, that in the case of the #-methoxy- and #-methylthio- 
benzoic acid the overall effect was electron-releasing in both cases, both acids being weaker 
than benzoic acid in spite of a similar large decrease of the —E effect in passing from oxygen 
to sulphur. 
Compounds 8—11 can be considered as derivatives of 4-aminodiphenyl with a sub- 
stituent —X— meta to the amino-group (I; X = CH,, S, O, and CO respectively); their 
- \ dissociation constants decrease in this order. The thiophen is seen to 
7N be a stronger base than the furan derivative, in agreement with the 
Ay NS TAN Ch. :H, fact that the +-J effect of oxygen is greater than that of sulphur (Table 3). 
(1) However, in the case of both phenols and anilines, the m-methoxy- 
compounds have higher pX,’s than the m-methylthio-analogues (Table 
2), which is in the opposite order to their +-J effects. The explanation of this anomaly may be 
similar to that offered (Dippy and Lewis, /., 1936, 644) in the case of m-halogenobenzoic acids, 


TABLE 2. Jontsation (pK, values) of substituted phenols and anilines * in water at 25° 
R p-MeO H p-MeS m-MeO m-MeS p-MeSO, 
R°C,HyOH .....ccceceeeeeee 10-20 9-98 9-53 9-65 9-53 7-83 
R-C,H,y NH, 5-25 4-58 4-40 4-20 4-05 1-48 
* Hall and Sprinkle, Joc. cit.; Bordwell and Cooper, J. Amer. Chem. Soc., 1952, 74, 1058. 


TABLE 3. Jonisation of substituted acetic acids * in water at 25° 
R H MeS MeO EtS EtO 
R-CH,°CO,H  ...... 0.06 *75 3-72 3°53 3-74 3-60 
* Palomaa, Chem. Zentr., 1912, 6; Larsson, Ber., 1930, 68, B, 1347; Ramberg, Ber., 1907, 
40, 2588 


where it is postulated that the effect of a mesomeric displacement to the o-position is relayed 
to the adjacent carbon atom by an inductive mechanism. In compounds 9 and 10, however, 
the observed values are in the expected order of their inductive effects, m-RO>RS>H 
(where X = His No. 18). Baker, Barrett, and Tweed (/oc. cit.) found that the acid strength 
in the meta-substituted benzoic acids decreased in the same order. The electromeric effects 
(—E) of oxygen and sulphur being in the order O>S (Baddeley, Joc. cit.), any mesomeric 
interaction according to formula (I) would tend to increase the basicity of the furan (No. 10) 
more than that of the thiophen derivative (No. 9). Since the former is the weaker base, 
inductive effects appear to predominate and mesomeric interaction must be negligible. 
Compounds 12 and 13 show —SO,- to be more strongly electron-attracting than —S°S-. 
N-Phenyl-8-naphthylamine (No. 15) is an appreciably stronger base than diphenyl- 
amine (pK, in water 0-85; Hall and Sprinkle, loc. cit.). This at first seems to contradict 
the results (above) relating increasing number of fused rings to a decrease in pKa. However, 


TABLE 4. Tonisation of heterocyclic and aliphatic amines in 50% alcohol at 20°. 

No. Compound pk. 

19 4-Amino-2-methylquinoline .... duds sev sou dsenctoeestdecsecseuiebeuacsassiegre” | SgNe 
7-Amino-2 : 4-dimethyl-1 : 8- -naphthyridine ® di His scclaghvhashedetneacuoekemataapusneeaces” "ee 
9-Amino-3- -methylphenanthridine Fe» siniecuan ann Penbelenl tis uncainasuredetnasduaknatianateis 7-04 
9-Amino-1 : 3-dimethylphenanthridine® ...... cpete soctenveccsesevvanves 7°38 
§-Amino-5 : 6: 7: 8-tetrahydro-3 : 4- benzoph fenanthridine ® ...ccccsssseceeeeee 6°60 
9-Amino-5: 6:7: Sseeaeenpeonenticrinins:*:;... Sh niu ido kapadediaencastointetsie ses 7-40 
2-Amino-4- ae. eal ES is Sia apa ace cinei do ealae ond sisd Raleiaatiigan tet =) A 
icin oD cach ae Side ud.99'0540 000 6n62a0 56k eb CNGKESMANG Sa Cine RR ENG ONINeLeNEeeS 4-77 
p-Piperidinoaniline ... Sate babbnn eduucsvctevuuansieekeuad tacwantenduenscdiecssess 6-56 
4-2’. -Diethylaminoethoxydiphenyl . 8-30 
N’-4’-Diphenylyl-N N-diethylethylenediamine * ............scceseseceereceereerereeseeee 8°30 
N-4’-Diphenylyl-2-morpholinoethylamine * ...........ccccceeceecceseeeeceeecceccerseeeeeee 6°03 
4-p’-Methoxybenzylaminodipheny] § ............ccecsecceceeccececcrsceeeteccceteecsescecseee  B'HZE 
4-p’ -Methoxybenzylideneaminodiphenyl ¢. psig dete sipisera senvawewicee | Oe 

1 Albert, Goldacre, and Phillips (J., 1948, 2240) seme, 9- sani water at t 20°, 2 Source: Bernstein, 

Stearns, Shaw, and Lott, J. Amer. Chem. Soc., 1947, 69, 1151. *% Source: Hollingsworth and Petrow, 
J., 1948, 1537. 4 Source: Bauer, Cymerman, and Sheldon, J., 1951, 2342. *° In 66% alcohol. 
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whereas the symmetrical diphenylamine resonates between equivalent structures which 
confer extra stability on the un-ionised form, the unsymmetrical N-phenyl-$-naphthyl- 
amine, although resonating between a greater number of structures, is less stabilised as the 
structures are not equivalent. 

The heterocyclic bases shown in Table 4 are related to 2- or 4-aminopyridine. From 
resonance considerations (Albert, Goldacre, and Phillips, Joc. cit.) the heterocyclic nitrogen 
is the stronger basic centre of the system. The naphthyridine, No, 20, an example of a 
heterocyclic base with two nitrogen atoms in adjacent rings, is slightly weaker than the 
related 2-aminoquinoline. 

2-Amino-4phenylthiazole (No. 25) shows the base-weakening effect of the phenyl 
group as a substituent; 2-aminothiazole has pK, 5:39 in water at 20° (tdem, ibid.). This 
change is similar to the drop in pK, from aniline to 4-aminodiphenyl (Table 1) but of 

greater magnitude. #-2-Pyridylaniline (No. 26) is a vinylogue of 

—NH, 2-aminopyridine, so that the ring nitrogen atom is the stronger basic 

5 (In) centre of the molecule; the yellow colour of the ion can be taken as 
supporting evidence for the structure (II). 


In compounds 28 and 29 the effects of the 4-diphenylylamino- and the 4-diphenylyloxy- 
group are either not transmitted through a saturated two-carbon chain or are of the same 


magnitude. 

The ApK, (2-27) between Nos. 29 and 30 is identical with that (2:28 in water at 25°) 
between diethylamine and morpholine (Hall and Sprinkle, Joc. cit.; Ingram and Luder, 
J. Amer. Chem. Soc., 1942, 64, 3043). 

Compound 82 is a Schiff’s base; no pK, determinations on compounds of this type have, 
to our knowledge, been carried out. No abnormality was observed in the determination, 
and the titration curves were smooth, giving a pK, almost identical with that of 4-amino- 
diphenyl. The possibility that instantaneous hydrolysis to the parent amine had occurred 
was excluded by a parallel experiment, in which the Schiff’s base was recovered unchanged 
from the titration. The increased pK, of No. 32, compared with No, 31, may be due to 
relaying of the base-strengthening (—£) effect of the methoxy-group to the nitrogen atom. 


Experimental.—A solution of 4-p’-methoxybenzylideneaminodiphenyl (0-050 g.) in 66% 
alcohol (200 c.c.) was titrated with one equivalent of n/20-hydrochloric acid at 20°, and the solution 
poured into ice-water (450 c.c.) and basified to pH 8—9 with 2N-sodium hydroxide at 0°. Extrac- 
tion with chloroform and evaporation of the washed (water) and dried (K,CO,) extracts gave 
unchanged Schiff’s base (0-042 g.), m. p. 158—162° (from methanol), undepressed on admixture 


with an authentic sample. 
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Potential Thiophen Chemotherapeutics. Part III.* Some 
5-Substituted 2-Thienyl Sulphides and Sulphones. 
By J. CYMERMAN-CRAIG and J. W. Lover. 
[Reprint Order No. 4584.] 


A series of alkyl 5-aminomethyl-2-thienyl sulphones has been prepared 
from 2-phthalimidomethylthiophen via the 5-sulphinic acid. The 2: 5- 
orientation of the disubstituted derivatives has been proved by two inde- 
pendent routes, the first involving the preparation of 5-aminomethyl-2-thienyl 
methyl sulphone from (a) 2-chloromethylthiophen and (b) methyl 2-thienyl 
sulphone, and the second comprising the preparation of 5-methylsulphonyl- 
thiophen-2-aldehyde from (a) 2-aminomethylthiophen and (b) methyl 
2-thienyl sulphide. 

A greatly improved method of preparation of methyl 2-thienyl sulphide 
(60% overall yield from 2-iodothiophen) was developed. 


In view of the antibacterial properties of the #-alkylsulphonylbenzylamines (Fuller, 
Tonkin, and Walker, J., 1945, 633; Forrest, Fuller, and Walker, J., 1948, 1501) it was 
of interest to prepare their thiophen isosteres, and a series of alkyl 5-aminomethy]l-2- 
thienyl sulphones is now reported. 

The preparation of 2-phthalimidomethylthiophen from 2-chloromethylthiophen 
(Cymerman and Faiers, J., 1952, 165) has been improved by the use of dimethylformamide 
as solvent (Sheehan and Bolhofer, J. Amer. Chem. Soc., 1950, 72, 2786) to give 94% of 
pure product. This material could also be obtained in 71% yield by the use of equi- 
molecular proportions of phthalic anhydride and 2-aminomethylthiophen; it has pre- 
viously been prepared in 19% yield by Hartough, Lukasiewicz, and Murray (7did., 1948, 
70, 1146) from the same reactants in the ratio 1 : 2. 

Reduction of 5-phthalimidomethylthiophen-2-sulphonyl chloride (Cymerman and 
Faiers, Joc. cit.) with sodium sulphite gave an excellent yield of the crystalline sulphinic 
acid which decomposed in acidic solution, or when heated, with loss of sulphur dioxide 
to form 2-phthalimidomethylthiophen. This reaction does not appear to have been 
previously noted for sulphinic acids. 

Alkylation of sodium 5-phthalimidomethylthiophen-2-sulphinate gave the methyl, 
ethyl, and pentyl sulphones in good yield. Hydrolysis of the phthalimido-group with 
hydrochloric acid was extremely slow, but hydrazine hydrate (Ing and Manske, J., 1926, 
2348) readily afforded the alkyl 5-aminomethyl-2-thienyl sulphone hydrochlorides. Pro- 
fessor S. D. Rubbo has kindly examined these compounds against a range of organisms, 
including Clostridium welchtt, and reports that they are devoid of appreciable activity. 

Reduction of 5-acetamidomethylthiophen-2-sulphonyl chloride (Cymerman and Faiers, 
loc. cit.) was effected with sodium sulphite, but the sulphinic acid was not precipitated on 
acidification, nor could it then be extracted by solvents, owing presumably to the basic 
properties of the 2-acetamidomethylthiophen group (dem, loc. cit.). The aqueous solution, 
with a catalytic quantity of hydriodic acid, slowly deposited di-(5-acetamidomethy]-2- 
thienyl) disulphide in 31% yield. Reductions of sulphinic acids to disulphides have been pre- 
viously noted (cf. Bauer and Cymerman, /., 1950, 109). The disulphide was also prepared 
from the sulphonyl chloride by direct reduction with hydriodic acid in acetic acid (Bauer 
and Cymerman, J., 1949, 3434), and the same method gave di-(5-phthalimidomethy]-2- 
thienyl) disulphide in 93% yield from the corresponding sulphonyl chloride. 

In order to provide a rigid proof of the orientation of the sulphone group in the alkyl 
5-phthalimidomethyl-2-thienyl sulphones, chloromethylation of methyl 2-thienyl sulphone 
(Cymerman and Lowe, J., 1949, 1666) was investigated. In the benzene series, chloro- 
methylation of compounds containing electron-attracting groups has been found (Stephen, 
Short, and Gladding, /J., 1920, 510; Matsukawa and Shirakawa, J. Pharm. Soc. Japan, 
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1950, 70, 535) to give meta-substitution accompanied by the formation of substituted 
methanes. No reaction occurred, however, when methyl] 2-thienyl sulphone was treated 
with aqueous formaldehyde and hydrogen chloride at room temperature. Under 
anhydrous conditions and in the presence of catalysts, reaction occurred with chloro- 
methyl ether, and the product was subjected to a phthalimide synthesis in dimethyl- 
formamide. The phthalimido-compounds were readily separated into a bisphthalimido- 
methyl-2-thienyl methyl sulphone (m. p. 226°) and an inseparable mixture of mono- 
phthalimidomethyl compounds. 

Separation of the picrates was achieved after hydrolysis, giving as the major component 
5-aminomethyl-2-thienyl methyl sulphone picrate, identical with that from 2-phthal- 
imidomethylthiophen. The small quantity of insoluble higher-melting picrate also obtained 
was insufficient for identification. The desired orientation was thus provided, the final 
disubstituted compound having been prepared from mono-derivatives in which each 
substituent was known to be in the 2-position. The diphthalimido-derivative is tentatively 
considered to be 4: 5-bisphthalimidomethy]-2-thienyl methyl sulphone. 

The direct aminomethylation of thiophen with N-hydroxymethylacetamide has been 
carried out (Hartough, “ Thiophene and its Derivatives,” Interscience Publ. Corpn., New 
York, 1952). Methyl 2-thienyl sulphone and N-hydroxymethylphthalimide (Buc, /. 
Amer. Chem. Soc., 1947, 69, 254) gave a product similar to the mixture of monophthal- 
imidomethyl compounds obtained before. 

An additional approach to the proof of configuration involved the preparation of 
5-methylsulphonylthiophen-2-aldehyde by two independent routes. By the Sommelet 
reaction (Angyal, Morris, Tetaz, and Wilson, J., 1950, 2141) 5-aminomethyl-2-thienyl 
methyl sulphone gave the desired 5-methylsulphonylthiophen-2-aldehyde. The synthesis 
of this aldehyde required the preparation of methyl] 2-thieny] sulphide, previously obtained 
in only poor yield by the action of phosphorus trisulphide on dimethyl succinate (Steinkopf 
and Leonhardt, Annalen, 1932, 495, 166) or sodium succinate (Meyer and Neure, Ber., 
1887, 20, 1756). Successive treatment of a solution of 2-thienylmagnesium iodide with 
sulphur and methy] iodide afforded pure methyl 2-thieny] sulphide in 60% overall yield 
from 2-iodothiophen. It was readily oxidised to the known methyl sulphone by hydrogen 
peroxide in acetic acid. 

Attempted chloromethylation of methyl 2-thienyl sulphide with formaldehyde and 
hydrochloric acid at —5° (Blicke and Burckhalter, J. Amer. Chem. Soc., 1942, 64, 478), 
and treatment of the oily product with potassium phthalimide in dimethylformamide, 
did not give a crystalline product, and none was obtained from the reaction of the sulphide 
with formaldehyde and ammonium chloride at 35° (Hartough, Meisel, Schick, and Koft, 
ibid., 1948, 70, 4013) followed by treatment with phthalic anhydride. 

Direct introduction of the phthalimidomethy] group was next attempted. No reaction 
occurred between the sulphide and N-hydroxymethylphthalimide at room temperature 
in absolute ethanol saturated with dry hydrogen chloride, or at the boiling point in dry 
dioxan saturated with hydrogen chloride in presence of stannic chloride. Repetition of 
the experiment by refluxing with potassium hydrogen sulphate gave N-ethoxymethyl- 
phthalimide. However, the action of iodine in the presence of mercuric oxide on methyl 
2-thienyl sulphide afforded a good yield of 5-iodo-2-thienyl methyl] sulphide, and oxidation 
by hydrogen peroxide gave 5-iodo-2-thienyl methyl sulphone. The iodine atom in this 
substance was readily replaced on reaction with cuprous cyanide in pyridine, leading to 
5-cyano-2-thienyl methyl sulphone. Attempted reduction of this nitrile to the aldehyde 
by means of lithium aluminium hydride at 0° was, however, unsuccessful, but alkaline 
hydrolysis afforded the carboxylic acid; in view of the low solubility of the acid, it was 
converted into the methyl ester, from which it was hoped to obtain the alcohol by lithium 
aluminium hydride, but again this reagent at 0° did not lead to the desired product. In 
view of the normal reduction of thiophen compounds lacking a sulphone substituent (e.g., 
Cairns and McKusick, J. Org. Chem., 1950, 15, 790; Campbell and Kaeding, J. Amer. 
Chem. Soc., 1951, 78, 4019) these two failures may be connected with the presence of the 
sulphone group. 

In another approach, formylation of methyl 2-thienyl sulphide by means of N-methyl- 
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formanilide gave a good yield of the desired 5-methylthiothiophen-2-aldehyde (estimated 
as solid derivatives) which could, however, not be separated from unchanged N-methy]l- 
formanilide present as contaminant, this having an almost identical boiling point. The 
use of dimethylformamide in place of N-methylformanilide made possible the isolation 
of the pure aldehyde (m. p. 26°) in 58% yield. [Its thiosemicarbazone is of interest in 
view of the reported antituberculous activity of its benzene analogue (Behnisch, Mietzsch, 
and Schmidt, Angew. Chem., 1948, 60, 113) and is under examination.] Oxidation of the 
crude diacetate of the aldehyde by hydrogen peroxide readily gave the 5-methylsulphony]- 
thiophen: 2-aldehyde obtained by the Sommelet reaction mentioned above. This confirms 
the 2 : 5-orientation of the disubstituted compounds i in this series. 

A Cannizzaro reaction of 5 anethylthiothiophen- 2-aldehyde afforded the corresponding 
acid, oxidised by hydrogen peroxide to 5-methylsulphonylthiophen-2-carboxylic acid, 
identical with that obtained from Scyend-$-thiendt methyl sulphone. 


EXPERIMENTAL 

2-Phthalimidomethylthiophen.—(a) A vigorously stirred solution of Sahee ey eghes 
(22-4 g.) in dimethylformamide (100 c.c.) was treated with potassium phthalimide (31-2 g., 
10% excess). The mixture was heated to 90° (an exothermic reaction set in at 70°) and kept 
at this temperature with stirring for 1 hr. Chloroform (150 c.c.) was added to the cooled 
mixture which was poured into water (350 c.c.), and the aqueous portion twice extracted with 
chloroform. The combined extracts were washed (sodium hydroxide solution and water) 
and dried (CaCl,). Removal of solvent gave colourless crystals (38-8 g., 94%) of 2-phthalimido- 
methylthiophen, m. p. 124—125° (Hartough, Lukasiewicz, and Murray, loc. cit., give m. p. 
126—127°). 

(6) 2-Aminomethylthiophen (19 g.), phthalic anhydride (28-5 g., 1 mol.), and benzene 
(20 c.c.) were refluxed for 45 min. The solid which separated on cooling crystallised from 
alcohol, giving needles (28-4 g., 71%) of 2-phthalimidomethylthiophen, m. p. 125-5—126°, 
undepressed on admixture with the material obtained above. 

5-Phthalimidomethylthiophen-2-sulphinic Acid.—5-Phthalimidomethylthiophen-2-sulphonyl 
chloride (Cymerman and Faiers, Joc. cit.) (19 g., 0-055 mole) was added slowly to a vigorously 
stirred solution of sodium sulphite heptahydrate (27-7 g., 0-11 mole) in water (150 c.c.) at 70°, 
the mixture being kept at pH 8—9 by suitable addition of sodium hydrogen carbonate, and 
stirring was continued at 70° for a further 2 hr. after the addition. Acidification of the filtered 
ice-cold solution with sulphuric acid (18N) gave a pale yellow oil which was extracted with 
ethyl acetate, and the ethyl acetate extracts were shaken with sodium hydrogen carbonate 
solution. Acidification precipitated the sulphinic acid, m. p. 117—118° (decomp.) (from water) 
(Found: N, 4-55. C,,;H,O,NS, requires N, 4-55%). It darkened on exposure to light. Its 
aqueous solution decomposed when kept for several days at room temperature in presence of 
sulphuric acid, or when heated at 95° for a few hours, giving 2-phthalimidomethylthiophen, 
m. p. 125° (Found: C, 64:3; H, 3-95; S, 13:35. Calc. for C;,HJO,NS: C, 64:2; H, 3-95; S, 
13-2%). A mixed m. p. with authentic material showed no depression. 

Alkyl 5-Phthalimidomethyl-2-thienyl Sulphones—A solution of sodium 5-phthalimido- 
methylthiophen-2-sulphinate (from 0-01 mole of the sulphonyl chloride) in water (45 c.c.) was 
brought to pH 7-1—7-5 with hydrochloric acid and refluxed with the alkyl halide (0-02—0-03 
mole) and sufficient ethanol to render the hot solution homogeneous. The cold mixture 
deposited needles of the sulphone, and a further crop was obtained by concentration of the 
filtrate in vacuo. One crystallisation from alcohol gave the pure products (Table 1). 


TABLE 1. Alkyl 5-phthalimidomethyl-2-thienyl sulphones. 


Reflux Yield Found (%): ee (%) : 
Ping period (hr.) (%) M. p. Formula y I N N 
75  185—185-5° CraHn10e NS, 52:55 3- 5 4:35 19-9 
72 115—116 C.,H1,0,NS¢ 54 4-2 19-1 
n- nC sHyy 72 101—101:5 C,,H,,O,NS, 5 — 17-0 


1 3 
If “7 
17. 7-2 


Alkyl 5-Aminomethyl-2-thienyl Sulphone Hydrochlorides——The 2-phthalimido-sulphone 
(0-01 mole) was warmed with absolute alcohol (25 c.c.) and hydrazine hydrate (0-01 mole; 
100%). Dissolution occurred slowly and after 15—30 min. the intermediate compound was 
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precipitated. Heating was continued for a further 15—30 min., and finally for 5 min. longer 
after addition of excess of hydrochloric acid (2 c.c.; 10Nn). The solution was then evaporated 
to dryness in vacuo. The solid residue was dissolved in sodium hydroxide solution, saturated 
with potassium carbonate, and continuously extracted with ether. The dried extract on 
saturation with hydrogen chloride gave the pure Aydyochloride, crystallising from alcohol in 
needles (Table 2). 


TABLE 2. Alkyl 5-aminomethyl-2-thienyl sulphone hydrochlorides. 
Found (%): Required (%): 
M. p. Formula C He Cc H N 
213—214° C,H,O,NS,,HCI 31-75 435 — 3165 445 — 
196—197 C,H,,0,NS,,HCl a: eee 
206—207  CipHy,0,NS,,HCl* 42:8 64 4:75 423 64 4-95 


* Found: S, 22-7. Required: S, 22-6%. 


5-Aminomethyl-2-thienyl methyl sulphone crystallised from ether as needles, m. p. 56° (Found : 
N, 6:8. C,H,sO,NS, requires N, 7:°3%). The picrate formed yellow prisms (from ethanol), 
m. p. 183—184° (decomp.) (Found : C, 34-4; H, 2-8; N, 13-75; S, 15-0. CgH sO,NS,,C,H,0,N, 
requires C, 34:3; H, 2-9; N, 13-35; S, 15-25%). 

5-A minomethyl-2-thienyl ethyl sulphone picrate (needles from ethanol) had m. p. 172—173 
(decomp.) (Found: C, 36-15; H, 3-3; S, 14:7. C,H,,O,NS,,C,H,0,N, requires C, 35-9; H, 
3-25; S, 14-75%). 

Di-(5-acetamidomethyl-2-thienyl) Disulphide.—A mixture of 5-acetamidomethylthiophen-2- 
sulphonyl chloride (2-52 g.), acetic acid (30 c.c.), and hydriodic acid (10 c.c.; d@ 1-71) was set 
aside for 22 hr. at room temperature, then decolorised with sodium thiosulphate solution (10%), 
and anhydrous sodium carbonate (20 g.) wasadded. After neutralisation with sodium hydroxide 
solution (10%), the product was filtered off, washed, and crystallised from ethanol as yellow 
plates (1:02 g., 55%) of the disulphide, m. p. 157—157-5° (Found: C, 45-2; H, 4:35. 
C,4H,,O.N.S, requires C, 45-15; H, 435%). 

Attempted Preparation of 5-Acetamidomethylthiophen-2-sulphinic Acid.—The sulphony]l 
chloride (3-41 g., 0-014 mole) was added to a stirred solution of sodium sulphite heptahydrate 
6-9 g., 0-027 mole) in water (30 c.c.) at 6—8°, and the mixture treated as described above. 
No residue was obtained from the ethyl acetate extract. The aqueous solution was treated 
with hydriodic acid (2 drops; 50%) and kept for 4 days. Working-up as described above 
afforded yellow plates (31%) of the disulphide, m. p. and mixed m. p. 157—157-5°. 

Di-(5-phthalimidomethyl-2-thienyl) Disulphide.—A solution of 5-phthalimidomethylthiophen- 
2-sulphony] chloride (3-43 g., 0-01 mole) in glacial acetic acid (40 c.c.) was treated with hydriodic 
acid (10 c.c.; d 1:76) and set aside for 3 days. Working-up as described above gave the 

ulphide (2-57 g., 93%) as colourless crystals (from ethanol), m. p. 166—167° (Found: C, 
57-05; H, 3-0; N, 5-45; S, 23-05. C,gH,,0,N,S, requires C, 56-9; H, 2-95; N, 5-1; S, 23-35%). 

Chloromethylation of Methyl 2-Thienvl Sulphone.—(a) A solution of methyl 2-thienyl sulphone 
-83 g., 0-03 mole) in glacial acetic acid (5 c.c.) was treated at 0° with stannic chloride (1-14 c.c., 
0-01 mole) and chloromethyl] methyl ether (3-78 c.c., 0-05 mole), and the temperature slowly raised 
to 95° during 2 hr. After further heating at 100° for 8 hr., the cooled solution was poured into 
ice-water (25 c.c.) and the oil extracted with ether. Removal of solvent from the washed 
(sodium hydrogen carbonate solution and water) and dried (Na,SO,) extract gave a dark oil 
(6 g.) giving a positive halogen test with boiling aqueous silver nitrate. 

A solution of the oil (6 g.) and potassium phthalimide (5-6 g.) in dimethylformamide (18 c.c.) 
was heated at 90° with stirring for] hr. After addition of chloroform (30 c.c.) the cooled mixture 
was poured into water (100 c.c.) and extracted with chloroform. Distillation of the washed 
(sodium hydroxide solution and water) and dried (Na,SO,) extracts left a viscous oil which was 
extracted with boiling ether and ethanol. Evaporation of the combined extracts gave a 
mixture (MM) of the monophthalimidomethyl compounds, m. p. 160—174°, which could not be 
separated by crystallisation. 

Extraction of the alcohol- and ether-insoluble residue with boiling acetone gave a bisphthal- 
imidomethyl-2-thienyl methyl sulphone as needles (0-7 g.), m. p. 226—226-5° (Found: C, 57-15; 
H, 3-35; N, 6.05; S, 13-5. C,3H,,O,N,S, requires C, 57-5; H, 3:35; N, 5-85; S, 13-35%). 

The mixture (M) (1-38 g.) was heated on a water-bath with alcohol (10 c.c.) and hydrazine 
hydrate (0-4 c.c.; 100%). Dissolution occurred, and after 15 min. the intermediate compound 
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was precipitated. After a further 2 hours’ heating, the complex was worked up as before and 
the amine converted into the picrate (0-6 g.), m. p. 160—173°, separated by crystallisation 
from ethanol into (1) yellow prisms, m. p. 183—184° (decomp.) undepressed on admixture 
with the picrate of 5-aminomethyl-2-thienyl methyl sulphone described above, and (2) a picrate, 
m. p. 194—196° (decomp.), insoluble in ethanol, obtained in insufficient quantity for further 
characterisation. 

(b) A finely-powdered mixture of methyl 2-thienyl sulphone (0-25 g.) and N-hydroxy- 
methylphthalimide (0-28 g.) was added to concentrated sulphuric acid (4 c.c.) at 0° and set 
aside for 6 days at room temperature. The solution was poured on ice, filtered, and washed 
with sodium hydroxide solution and water. The dried residue (0-31 g.) had m. p. 165—173°, 
unaltered on crystallisation from alcohol, and showed similar properties to the mixture (M). 

5-Methylsulphonylthiophen-2-aldehyde.—(a) A mixture of 5-aminomethyl-2-thienyl methyl 
sulphone hydrochloride (5-5 g.), hexamine (4:2 g.), formaldehyde (1-8 c.c.; 40% aqueous 
solution), and acetic acid (40 c.c., 50%) was refluxed for 2 hr. The pH was adjusted to 1 with 
hydrochloric acid, and after dilution with water (200 c.c.) the filtered solution was exhaustively 
extracted with ether. Evaporation in vacuo of the dried (Na,CO, and Na,SO,) ethereal extracts 
gave the aldehyde (0-67 g., 15%) as a water-soluble solid, m. p. >100°. The 2: 4-dinitrophenyl- 
hydvazone crystallised from 2-ethoxyethanol as orange-brown needles, m. p. 276—277° (Found : 
C, 39-4; H, 3-1; N, 15-1. C,,H,O,N,S, requires C, 38-9; H, 2-7; N, 15-15%). 

(b) A solution of 5-methylthiothiophen-2-aldehyde (1 g.) in acetic anhydride (5 c.c.) was 
treated with concentrated sulphuric acid (1 drop). After 15 min. the dark blue solution was 
poured into sodium hydrogen carbonate solution, and the oil was separated, dissolved in acetic 
acid, and heated at 100° with hydrogen peroxide (1:3 c.c.; 30%) for 45 min. The cold 
neutralised solution gave a 2: 4-dinitrophenylhydrazone as orange-brown needles (from 2- 
ethoxyethanol), m. p. 276—277°, undepressed on admixture with those described in (a). 

Methyl 2-Thienyl Sulphide——The cooled (ice) and stirred Grignard solution from 2-iodo- 
thiophen (70 g.) and magnesium (8 g.) in ether (600 c.c.) was treated with finely powdered 
sulphur (10-8 g.; freshly sublimed iz vacuo) in small amounts. After refluxing for 45 min. a 
clear yellow solution was obtained. ‘To the cooled solution methyl iodide (22-6 c.c.) was added 
dropwise with stirring, and the mixture left overnight in nitrogen. After 10 hours’ refluxing, 
the ice-cold reaction mixture was decomposed with ammonium chloride solution and extracted 
with ether. Distillation of the washed (0-5N-potassium hydroxide and water) and dried 
(Na,SO,) extracts afforded methyl 2-thienyl sulphide as a colourless evil-smelling liquid (26-1 
g., 60%), b. p. 80—82°/22 mm., 182°/764 mm. (Steinkopf and Leonhardt, Annalen, 1932, 495, 
166, give b. p. 181-5—183-5°). 

Methyl 2-Thienyl Sulphone.—A mixture of methyl 2-thienyl sulphide (0-65 g.), hydrogen 
peroxide (1-35 c.c.; 30%), and acetic acid (10 c.c.) was heated on a water-bath for 45 min., 
cooled, poured on ice, and neutralised with sodium hydroxide solution. Ether-extraction of 
the filtered solution gave a residue which crystallised from aqueous alcohol in plates (0-51 g., 
63%), m. p. 46-5—47° alone and on admixture with an authentic specimen (Cymerman and 
Lowe, loc. cit.). 

A mixture of methyl 2-thienyl sulphide and N-hydroxymethylphthalimide in absolute 
alcohol was refluxed with potassium hydrogen sulphate for 3 hr. Evaporation to dryness left 
an oil, which was taken up in chloroform, and the extract was washed (sodium hydroxide 
solution and water) and distilled. The residue crystallised from light petroleum (b. p. 40—60°) 
as needles, m. p. 81—83°, of N-ethoxymethylphthalimide, undepressed on admixture with an 
authentic specimen prepared from ethanol and N-bromomethylphthalimide (Sachs, Ber., 1898, 
31, 1230). 

5-Iodo-2-thienyl Methyl Sulphide.—A solution of methyl 2-thienyl sulphide (2-73 g.) in benzene 
(8 c.c.) was treated at 0—5° alternately with small amounts of yellow mercuric oxide (3-75 g.) 
and iodine (5-45 g.) during 15 min. with vigorous stirring, and then for 15 min. at room tem- 
perature. The mixture was filtered and the solid washed with ether. Distillation left the 
product as a heavy oil (5-74 g.) which was not further purified. 

5-Iodo-2-thienyl Methyl Sulphone.—The preceding sulphide (23-26 g.) in acetic acid (180 
c.c.) was heated with hydrogen peroxide (24-5 c.c.; 30%) on a water-bath for 45 min. Dilution 
with ice-water gave colourless needles (16-52 g., 63%) of the sulphone, m. p. 84—84-5° (from 
aqueous methanol) (Found: C, 21-05; H, 1-85; S, 22-1. C;H;0,S,I requires C, 20-85; H, 
1:75; S, 22-25%). 

5-Cyano-2-thienyl Methyl Sulphone.—A mixture of 5-iodo-2-thienyl methyl sulphone (16-5 


g.) and cuprous cyanide (5-7 g.) was refluxed in dry pyridine (80 c.c.) for 2-5 hr. After removal 
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of pyridine in vacuo, the residue was extracted with boiling benzene, and the cold benzene 
filtered from tar. Distillation of the benzene left a residue which was extracted with boiling 
ethanol (in which the cuprous salts were insoluble), the ethanol solution was evaporated, and 
the residue dissolved in chloroform and chromatographed on alumina, to give colourless plates 
(6-34 g., 59%) of the nitrile, m. p. 137—137-5° (from alcohol) (Found: N, 7-6. C,H;O,NS, 
requires N, 7-5%). 

5-Methylsulphonylthiophen-2-carboxylic Acid.—(a) The foregoing nitrile (2 g.) was refluxed 
for 3 hr. in sodium hydroxide solution (40 c.c.; 10%), dissolving completely. The solution 
was acidified and the precipitate purified through sodium hydrogen carbonate solution to give 
the acid (1-84 g., 80%), as plates (from water), m. p. 201—202° (Found: C, 35-45; H, 2-75. 
C,H,O,S, requires C, 35-9; H, 2:9%). An ethereal suspension of the acid with diazomethane 
gave the methyl ester (97%), crystallising from methanol as prisms, m. p. 118° (Found: C, 
38-5; H, 3-3. C,H,O,S, requires C, 38-2; H, 3-65%). 

(b) A solution of 5-methylthiothiophen-2-carboxylic acid (0-1 g.) in acetic acid (1 c.c.) was 
treated with hydrogen peroxide (0-2 c.c.; 30%) at 100° for 45 min. On cooling, the product 
formed prisms of the sulphone-acid (0-09 g., 76%), m. p. 201—-202°, undepressed on admixture 
with the sample prepared as in (a) above. 

5-Methylthiothiophen-2-aldehyde.—A vigorously stirred solution of methyl 2-thienyl sulphide 
(4:89 g.) in dimethylformamide (15 c.c.) was treated dropwise with phosphorus oxychloride 
(3-9 c.c.) at O—5° during 15 min. The solution was then stirred for 1 hr., during which the tem- 
perature rose slightly above room temperature. Next morning, the mixture was poured into 
ice-cold saturated sodium acetate solution (250 c.c.) with vigorous stirring, and extracted with 
ether. The ethereal extracts were washed with hydrochloric acid (N), sodium hydrogen 
carbonate solution and water, dried, and distilled, affording (after a small forerun of recovered 
sulphide) a single fraction, b. p. 86°/0-3 mm. (3-46 g., 58%), which solidified and crystallised 
from light petroleum (b. p. 40—60°) as needles of the aldehyde, m. p. 26° (Found: C, 45-8; H, 
3-7. C,gH,OS, requires C, 45-55; H, 3-8%). 

The oxime crystallised as cream-coloured needles (from aqueous methanol), m. p. 80-5° 
(Found: C, 41-75; H, 4:25. C,H,ONS, requires C, 41:6; H, 4:1%). The semicarbazone 
(yellow plates from ethanol) had m. p. 186° (Found: C, 39-45; H, 4-1. C,H,ON,S, requires 
C, 39:05; H, 4:2%). The thiosemicarbazone formed yellow needles (from methanol), m. p. 
144—145° (Found: C, 36-55; H, 3-7; S, 41-4. C,H,N,S, requires C, 36-35; H, 3-9; S, 41-6%), 
and the 2: 4-dinitrophenylhydrazone dark red plates (from toluene), m. p. 215—216° (Found : 
N, 16-1; S, 18-6. C,.H,)90,N,S, requires N, 16-5; S, 18-95%). 

5-Methylthiothiophen-2-carboxylic Acid.—A solution of 5-methylthiothiophen-2-aldehyde 
(1:15 g.) in methanolic potassium hydroxide (11 c.c.; 25%) was left overnight. The yellow 
solution was heated for 1 hr. at 100° and then diluted with water to dissolve the salts. Non- 
acidic material was removed with ether, and the aqueous solution concentrated to remove 
methanol, acidified, and filtered. The acid (0-39 g., 62%; purified through sodium hydrogen 
carbonate), crystallised from methanol in needles, m. p. 106° (Found: C, 41:8; H, 3-55. 
C,H,O,S, requires C, 41-35; H, 3-45%). 


We thank Professor S. D. Rubbo for kindly undertaking the bacteriological tests, and the 
late Mrs. E. Bielski for microanalyses. This work was carried out under the auspices of the 
National Health and Medical Research Council, to whom we are indebted for financial support. 


ORGANIC CHEMISTRY DEPARTMENT, UNIVERSITY OF SYDNEY. [Received, August 14th, 1953.] 


Moore and Waters. 


Some Products formed from Phenolic Inhibitors during the 
Autoxidation of Cumene. 


By R. F. Moore and WILttAM A. WATERS. 
[Reprint Order No. 4631.] 


Solutions of alkylphenols in cumene containing 0-1% of ferric stearate 
have been oxidised with air, and oxidation products derived from the phenols 
have been isolated from the resulting solutions and identified by alternative 
syntheses. 

p-Cresol, 2: 4-xylen-l-ol, and 2: 6-xylen-l-ol yield dihydroxydiphenyl 
derivatives, whereas mesitol, 2-tert.-butyl-4 : 6-dimethylphenol, and 2: 6- 
di-tert.-butyl-4-methylphenol yield dihydroxydibenzyl derivatives. Oxid- 
ation of 2: 4-di-tert.-butyl-6-methylphenol by silver oxide yields the keto-ether 
(VII) of a quinol which can be reduced to 3: 5: 3’: 5’-tetra-tert.-butyl-2 : 2’- 
dihydroxydibenzyl. The mechanisms of these oxidations are discussed. 


KINETIC investigations of the réles of monohydric phenols in retarding the autoxidation of 
benzaldehyde (Waters and Wickham-Jones, /., 1951, 812; 1952, 2420) have indicated that 
oxidation chains are broken by the abstraction of hydrogen atoms from phenol molecules, 
and the dimerisation of the radicals so produced. Few studies of the products of inhibitor 
action have yet been made. In the case of 2 : 6-xylen-1-ol it was shown, in the above work, 
that there was first obtained 3 : 5: 3’ : 5’-tetramethyl-4 : 4’-diphenoquinone, which then 
united with benzoyl radicals to form 4 : 4’-dibenzoyloxy-3 : 5: 3’ : 5’-tetramethyldipheny]. 
The latter could be isolated, though only in small yield, from the autoxidised solutions 
(Moore and Waters, J., 1952, 2432) but no corresponding products could be obtained from 
autoxidised benzaldehyde solutions of #-cresol. More recently, Cook (J. Org. Chem., 1953, 
18, 261) has isolated 3: 5: 3’ : 5’-tetra-tert.-butyl-4 : 4’-dihydroxydibenzyl (V; R = Bu’) 
from the oxidation of 2 : 6-di-tert.-butyl-4-methylphenol (II; R = Bu’) in hydrocarbon oils. 

Since phenols retard the autoxidation of hydrocarbons in a way which is kinetically 
similar to their action upon the autoxidation of benzaldehyde, a study has now been made of 
the oxidation of phenol in liquid cumene, which is easily converted by a current of air into a 
reasonably stable hydroperoxide, Ph*CMe,°O-OH. The latter, like tetralyl hydroperoxide 
(Robertson and Waters, J., 1948, 1578), is a catalyst for autoxidation of cumene, and its 
decomposition into chain-starting radicals can be accelerated by adding traces of a metallic 
ion of variable valency such as iron or cobalt (compare Kharasch, Fono, Nudenberg, and 
Bischof, J. Org. Chem., 1952, 17, 207; Kharasch, Fono, and Nudenberg, 7bid., 1950, 15, 
763; Fordham and Williams, ]. Amer. Chem. Soc., 1950, 72, 4465; Wise and Twigg, /., 
1953, 2172). The eventual oxidation products are all reasonably volatile substances, such 
as acetophenone, and consequently warm 2—3°% solutions of phenols in cumene containing 
0-1% of dissolved ferric stearate are autoxidisable mixtures from which the isolation of 
reaction products diagnostic of the fate of the inhibitor can be achieved. 

The phenols which we have examined all yield dimers which evidently arise from 
products of hydrogen-transfer reactions such as Ph*CMe,* + HOAr—» Ph:CMe,°H + -OAr 
and/or Ph-CMe,°O-O -+- HOAr —» Ph-CMe,:0-OH + -OAr. Since some phenols can be 
oxidised by ferric salts, and any ferrous ions so formed would rapidly be reoxidised by the 
hydroperoxide present in the system, part of the phenol oxidation may be due to the direct 
reaction Fe** + HOAr—» Fe?* + -OAr + H*. Similar products have in fact been 
obtained, though in much smaller yield, by blowing air through solutions of the same 
phenols in chlorobenzene containing 0-2°% of ferric stearate. The metallic salt is not, 
however, an essential catalyst for this oxidative dimerisation of phenols because it can be 
replaced as a reaction-promoter by ««’-azotsobutyronitrile, which is well known as a 
free-radical-forming autoxidation catalyst (Bateman, Gee, Morris, and Watson, Discuss. 
Faraday Soc., 1951, 10, 250; Bateman, Hughes, and Morris, ibid., 1953, 14, 190). 

By these oxidations p-cresol yielded 2 : 2’-dihydroxy-5 : 5’-dimethyldipheny] (I), and 
correspondingly 2: 4-xylen-l-ol gave 2: 2’-dihydroxy-3 : 5: 3’ : 5’-tetramethyldipheny] : 
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both products were a as their diacety] derivatives. &- Xylen-1-ol gave a mixture 
of 4: 4'-dihydroxy-3 : 5 : 3’: 5’-tetramethyldiphenyl and “ : 3’ : 5’-tetramethyl-4 : 4’- 
diphenoquinone. In wt ak the 2:4: 6-trialkylphenols weasel 2-tert.-butyl-4 : 6- 
dimethylphenol, and 2 : 6-di-tert.-butyl-4-methylphenol yielded only dihydroxydibenzy] 
derivatives such as (V; R= Me or But), the structures of which were established in all 
cases by direct comparisons with synthetic specimens. The latter were usually prepared by 
oxidising the trialkylphenols with silver oxide in dry benzene to the stilbenequinones (VI; 

R = Me or But) (Dunn and Waters, J., 1953, 2993) and then reducing the latter. 

The formation of a dihydroxydipheny] (I) from a phenol containing an unsubstituted 

ortho- or para-position is easily explicable by postulating the formation of mesomeric 
aryloxy-radicals, thus : 


Me Me Me 


NN 
\/ 


OH 


OH OH 
but the formation of a dihydroxydibenzy]l from a 2: 4 : 6-trialkylphenol is indicative of the 
formation of a substituted hydroxybenzyl radical (III) by hydrogen removal from methyl 
and not from hydroxyl, as in (IV). It is difficult to visualise the easy conversion of the 
expected radical (IV) into the isomeric form (III), for the two points at which the odd 
electrons have been placed are not conjugated. 
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The oxidation by silver oxide of 2 : 4-di-tert.-butyl-6-methylphenol has yielded the 
keto-ether (VII) which could be reduced to 3: 5: 3’ : 5’-tetra-tert.-butyl-2 : 2’-dihydroxy- 
dibenzyl (VIII; R = But); (VII) corresponds in type to the product obtained by Fries and 
Brandes (Annalen, 1939, 542, 48) by oxidising 2 : 2’-dihydroxy-3 : 5: 3’ : 5’-tetramethyl- 
dibenzyl (VIII; R = Me) with alkaline ferricyanide. 

Undoubtedly, the exact course of the homolytic oxidation of phenols in the presence of 
autoxidisable hydrocarbons, RH, their hydroperoxides, RO-OH, and related free radicals, 
R+, RO, and RO,* depends very much on the selected experimental conditions. Thus 
Campbell and Coppinger (J. Amer. Chem. Soc., 1952, 74, 1469) have found that 2 : 6-di- 
tert.-butyl-4-methylphenol (II; R = But) yields (IX) when oxidised with ¢ert.-buty]l 
hydroperoxide containing a little cobalt naphthenate as radical-producing catalyst, and a 
whole series of substances of this same type has been obtained by Bickel and Kooyman 
(J., 1953, 3211) from oxidations of 2:4: 6-trialkylphenols with a number of alky!- 
peroxy-radicals pertinent to hydrocarbon autoxidation. Under their conditions RO,: 
radicals may be present in excess in the oxidising mixtures, whereas under our experimental 
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conditions, which were chosen to simulate the technical conditions of autoxidation in 
liquid hydrocarbons, much lower concentrations of R- and RO,* radicals would have been 
present, and consequently the dimerisation of radicals derived from the phenols would be 
favoured. However, the isolation of dihydroxydibenzyl derivatives (V) cannot easily be 
related to the formation of compounds of type (IX), which may be derived from radical 
(IV) and not radical (III). A similar contrast in regard to the structures of reaction pro- 
ducts, traceable to the relative concentrations of radicals ArO* and Ph:CO,°, has been 
exemplified by the oxidations of phenols by (a) benzoyl peroxide (Cosgrove and Waters, /., 
1949, 3189; 1951, 388) and (b) Fenton’s reagent (idem, J., 1951, 1726). 


EXPERIMENTAL 

Oxidations of p-Cresol.—(a) p-Cresol (10 g.) in cumene (250 ml.) containing ferric stearate 
(0-2 g.) was air-blown for 120 hr. at 80—-100° under a condenser system. After evaporation of 
the solvent the residue, in ether, was shaken with dilute sulphuric acid to remove ferric salts and, 
after removal of the ether, distilled in steam to separate unchanged cresol (7-5 g.) and aceto- 
phenone. The involatile residue, in ether, was extracted with 10% potassium hydrogen car- 
bonate solution (100 ml.) to remove stearic acid and then with 5% potassium hydroxide solution 
(2 x 100 ml.). The remaining ethereal solution on evaporation gave only gum (0-2 g.), but the 
potash solution, after acidification, gave phenolic material (1-1 g.) which, on acetylation and 
chromatographic fractionation through alumina by means of benzene—light petroleum, yielded 
2: 2’-diacetoxy-5 : 5’-dimethyldipheny] (0-1 g.), m. p. 88° (from dilute ethanol). This m. p. was 
not changed on admixture with an authentic specimen prepared by the persulphate oxidation 
of p-cresol (Raudnitz, Ber., 1930, 63, 517). Alkaline hydrolysis of the autoxidation product 
gave, in 5% yield calculated on the cresol consumed, 2 : 2’-dihydroxy-5 : 5’-dimethyldiphenyl (I), 
m. p. and mixed m. p. 153° (from benzene), 

(b) p-Cresol (10 g.) in chlorobenzene (250 ml.) containing ferric stearate (0-5 g.), after autoxid- 
ation for a similar period, yielded only 0-25 g. of involatile phenols and only 0-02 g. of 2: 2’- 
diacetoxy-5 : 5’-dimethyldiphenyl. 

Oxidations of 2 : 6-Xylen-1-ol.—(a) The xylenol (5 g.) in cumene (300 ml.) containing ferric 
stearate (0-2 g.) was air-blown at 80—100° for 30 hr. Volatile and steam-volatile materials 
were then removed. The residue contained 0-5 g. of brownish solid insoluble in ether which, 
after crystallisation from acetic acid, proved to be 3:5: 3’: 5’-tetramethyl-4 : 4’-dipheno- 
quinone, m, p. 210—215° (decomp.). The alkali-soluble remainder (1-8 g.), after distillation at 
ca, 210°/0-2 mm., gave a pale yellow solid (0-4 g.) which crystallised from dilute acetic acid in 
needles, m, p. 221°, and by mixed m. p. was identified as 4; 4’-dihydroxy-3 : 5: 3’: 5’-tetra- 
methyldiphenyl (Cosgrove and Waters, J., 1951, 388). 

(b) The xylenol (5 g.) in chlorobenzene containing 0-5 g. of ferric stearate, after being air- 
blown at 100° for 44 hr., gave no quinone and only 0-18 g. of the dihydroxydiphenyl : the ferric 
stearate taken is equivalent to 0-076 g. of the latter. 

(c) The xylenol (5 g.) in cumene was air-blown at 100° for 5} hr., during which a«’-azoiso- 
butyronitrile (3-4 g., 1 equiv.) was added in portions, The solution soon became red. There 
was isolated a greenish-black residue (0-37 g.) of the quinhydrone of the two products mentioned 
above. A similar yield of products was obtained by using only 0-1 equiv. of azo-catalyst. In 
chlorobenzene solution, with air-blowing, the yield of quinhydrone was 0-7 g.: no oxidation of 
the xylenol occurred under nitrogen in corresponding conditions. 

Oxidations of 2: 4-Xylen-1-ol—(a) The xylenol (5 g.) in cumene (200 ml.) containing ferric 
stearate (0-2 g.) was air-blown at 80—100° for 120 hr.; 2-5 g. of the xylenol were recovered. 
There was obtained 0-9 g. of neutral material from which no pure compounds could be separated, 
and 1-2 g. of phenolic material which yielded 1-2 g. of 2 : 2’-diacetoxy-3 : 5: 3’ : 5’-tetramethyl- 
diphenyl, m. p. 105°, identical with the compound obtained by oxidising 2 : 4-xylen-l-ol with 
Fenton’s reagent (Cosgrove and Waters, J., 1951, 1729). 

(b) The xylenol (5 g.) in cumene was air-blown at 100° for 15 hr. with gradual addition of 0-1 
equiv. of ««’-azoisobutyronitrile. The oxidation products were 0-2 g. of neutral gum and 0-44 g. 
of phenols which yielded 0-15 g. of the preceding diacetate. 

Oxidation of Mesitol_—Mesitol (5 g.) in cumene plus ferric stearate was autoxidised for 80 hr. 
The alkali-insoluble product (1 g.) yielded no pure compounds. The alkali-soluble products 
(2 g.) were acetylated and chromatographically separated on alumina. Benzene eluted 0-22 g. 
of the diacetate, m. p. 132°, of the unidentified diphenol, m. p. 156°, obtained by Cosgrove and 
Waters (see above) by the action of Fenton’s reagent on mesitol and thought to be 2: 4’-di- 
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hydroxy-3 : 5: 3’: 5’-tetramethyldibenzyl. Subsequent elution gave 0-14 g. of 4: 4’-diacetoxy- 
3:5: 3’: 5’-tetramethyldibenzyl of m. p. 148° (idem, ibid.), from which the dihydroxydibenzyl 
(V; R= R= Me), m. p. 168°, was obtained by hydrolysis. 

Oxidations of 2 : 6-Di-tert.-butyl-4-methylphenol.—(a) The phenol (4 g.) in cumene (250 g.) 
with ferric stearate (0-2 g.) was air-blown at 80—100° for 70hr. The involatile reaction products, 
when kept at 0°, deposited an orange solid (0-34 g.) which on crystallisation from glacial acetic 
acid gave pale yellow needles, m. p. 169—170°, of 3: 5: 3’ : 5’-tetra-tert.-butyl-4 : 4’-dihydroxy- 
dibenzyl (V; R = R = Bu’) (Found: C, 81-9; H, 10-7. Calc. for CygH,,O,: C, 82-2; H, 
10-6%) : Cook (loc. cit.) gives m. p. 174—175°. This was identical with a specimen made by 
reducing 3:5: 3’: 5’-tetra-tert.-butyl-4 : 4’-stilbenequinone (Cosgrove and Waters, J., 1951, 
388; Dunn and Waters, loc. cit.) first to 3:5: 3’: 5’-tetra-tert.-butyl-4 : 4’-dihydroxy- 
stilbene, m. p. 236° (Found: C, 82-5; H, 10-2. Calc. for Cy59H,,O,: C, 82-5; H, 10-2%), with 
zinc dust in hot acetic acid, and thence, in alcoholic solution, to the dihydroxydibenzyl by 
means of hydrogen at 1 atm. and 20° with a palladium—calcium carbonate catalyst. 

(b) The phenol (5 g.) by similar autoxidation in chlorobenzene containing ferric stearate 
(0-5 g.) gave 0-15 g. of the dihydroxydibenzyl (V); the ferric salt alone is equivalent to 0-14 g. 
of this product. 

(c) The phenol (5 g.) in cumene with aa’-azoisobutyronitrile catalyst (0-1 equiv.) gave only 
0-05 g. of the dihydroxydibenzyl. 

Oxidation of 2-tert.-Butyl-4 : 6-dimethylphenol.—The phenol (5 g.) in cumene with ferric 
stearate (0-2 g.) was air-blown for 80 hr. The involatile product (1 g.) was an oil which by 
elution from alumina with benzene-light petroleum, followed by crystallisation from dilute 
alcohol, gave pale yellow plates, m. p. 130°, of 3: 3’-di-tert.-butyl-4 : 4’-dihydroxy-5 : 5’-di- 
methyldibenzyl (Found: C, 81:3; H, 9-6. C,,H,,O, requires C, 81-3; H, 9-7%). An identical 
product was obtained by reducing 3: 3’-di-tert.-butyl-5 : 5’-dimethyl-4 : 4’-stilbenequinone 
(Dunn and Waters, loc. cit.) by the two-stage process described above. The easily oxidised 
3: 3’-di-tert.-butyl-4 : 4’-dihydroxy-5 : 5’-dimethylstilbene, m. p. 150—156°, was not purified. 
A later eluate from the alumina was a reddish gum which when warmed in dry benzene with 
silver oxide gave a few crystals of the stilbenequinone referred to above. 

Oxidation of 2: 4-Di-tert.-butyl-6-methylphenol with Silver Oxide.—The phenol (5 g.) in dry 
benzene (250 ml.) was stirred for 2 hr. at 20° and then for 2 hr. at 50° with dry, freshly prepared, 
silver oxide (25 g.) and anhydrous sodium sulphate (2 g.). The solution was then filtered hot, 
and the residue extracted with more dry benzene. The combined filtrates on evaporation gave a 
gum which solidified when rubbed with acetic acid. Crystallisation from dilute acetic acid gave 
pale yellow needles (2-1 g.) of 3:5: 6’: 8’-tetra-tert.-butyl-3’ : 4’-dihydrobenzopyran-2’-spiro- 
cyclohexa-3 : 5-dien-2-one (VII), m. p. 151—152° (Found: C, 82-7; H, 10-0. C3 9H4,O, requires 
C, 82-5; H, 10-2%). Its infra-red spectrum has a strong C—O band at 5-95 yp but no hydroxyl 
band at 2-8—3-0 uw. (VII) was reduced with zinc dust in boiling acetic acid solution to give 
3:5: 3’: 5’-tetra-tert.-butyl-2 : 2’-dihydroxydibenzyl (VIIL; R = Bu’), which crystallised from 
dilute acetic acid in needles, m. p. 180° (Found: C, 81-9; H, 10-6. Cz 9H4,O, requires C, 82-2; 
H, 10-6%). Its infra-red spectrum showed the O-H band at 2-9. Attempts to debutylate this 
compound (i) with 50% sulphuric acid, and (ii) with toluene-p-sulphonic acid at 200° (Stevens, 
Ind. Eng. Chem., 1943, 35, 655) were unsuccessful and consequently its identity was confirmed by 
synthesis as follows. 

2: 2’-Dihydroxystilbene (Thiele and Holzinger, Annalen, 1899, 305, 97) (0-25 g.), tert.-butyl 
chloride (0-45 g.), and anhydrous aluminium chloride (0-05 g.) were stirred in carbon disulphide 
for 4 hr. at room temperature. More ¢ert.-butyl chloride (0-45 g.) and aluminium chloride 
(0-1 g.) were then added, and the temperature was raised so that the stirred liquid refluxed gently 
during 36 hr. The gummy reaction product (0-4 g.) was isolated in the customary way, dis- 
solved in light petroleum, and fractionated through alumina. Pure benzene eluted material 
(0-05 g.) which eventually crystallised from dilute acetic acid in needles having m. p. 180° and an 
infra-red spectrum identical with that of the reduced product (VIII) of the silver oxide reaction 
described above. 

It has not yet been possible to isolate similar reaction products from the catalysed autoxid- 
ation of 2 : 4-di-tert.-butyl-6-methylphenol in cumene. 


This work has been carried out on behalf of the D.S.I.R. Road Tar Research Committee. 
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Elimination of N-Substituents from Derivatives of 1-Aminoanthraquinone. 
By WILLIAM BRADLEY and Roy F. MAIsEy. 
[Reprint Order No. 4694.] 


The N-methyl, N-ethyl, N-n-butyl, N-tert.-butyl, N-benzyl, N-p-nitro- 
benzyl, and N-dimethyl derivatives of l-aminoanthraquinone have been 
studied in regard to their behaviour towards oxidants, sulphuric acid, and 
alumina. Elimination of the N-substituent can occur in almost every case, 
the mechanism of the reaction depending on the group displaced. 


IN experiments on the preparation of N-alkyl derivatives of indanthrone Bradley and 
Leete (J., 1951, 2138) found that 1-chloroanthraquinone and 2-methylaminoanthraquinone 
condensed to form 1 : 2’-dianthraquinonylamine, the methyl group being eliminated as 
formaldehyde. This demethylation has now been studied in greater detail. In the 
examples mentioned demethylation was favoured by the use of nitrobenzene as solvent and 
the addition of cupric acetate and an alkali such as potassium carbonate. The same 
authors also found that NN’-dimethylindanthrone was demethylated when its solution in 
o-dichlorobenzene was heated with alumina. The properties of several other N-derivatives 
of l-aminoanthraquinone, including the ethyl, -butyl, tert-butyl, benzyl, p-nitrobenzyl, 
and dimethyl derivatives, have now been studied under a wider range of conditions. 

In concentrated sulphuric acid the tert.-butyl derivative is easily decomposed, even in 
the cold, with formation of l-aminoanthraquinone. No other member of the series shows 
this property which thus appears to depend on the tertiary character of the alkyl group. 

Heating with alumina in o-dichlorobenzene caused elimination of the N-substituent in 
several instances, the relative extent (°,) under comparable conditions being methyl (0), 
ethyl (0-3), n-butyl (0-9), ¢ert.-butyl (70), benzyl (35). It is probable that alumina reacts 
with the bases converting them into ‘onium salts in the first stage of the change. 

A different order of elimination was found when the bases were heated with nitro- 
benzene or with nitrobenzene, cupric acetate, and potassium carbonate: the #ert.-butyl 
derivative was then almost unaffected, whilst 1-benzylaminoanthraquinone readily 
gave l-aminoanthraquinone and benzaldehyde, and 1-f-nitrobenzylaminoanthraquinone 
afforded 1-aminoanthraquinone and #-nitrobenzaldehyde somewhat less readily. 

In further experiments it was shown that 1-benzylaminoanthraquinone was stable to 
boiling acetic acid or chlorobenzene, but benzaldehyde was formed at 240° to the extent 
of 4% in naphthalene and 15% in diphenyl. Heating in nitrobenzene at 205° formed 38% 
of benzaldehyde, and even heating im vacuo at 220° gave 13-5% of the same product. 
These experiments indicated that the benzyl group could be lost by oxidation and that 
1-benzylaminoanthraquinone itself could furnish the necessary atoms of oxygen. ‘The 
addition of another quinone (1l-chloroanthraquinone) to a solution of 1-benzylamino- 
anthraquinone in nitrobenzene did not augment the yield of benzaldehyde, but an increase 
to 53—59%, was observed when the nitrobenzene contained both l(or 2)-chloroanthra- 
quinone and cupric acetate. In the presence of toluene-f-sulphonic acid nitrobenzene did 
not oxidise 1-benzylaminoanthraquinone. 

There appear to be three mechanisms by which 1-benzylaminoanthraquinone could 
yield benzaldehyde. Sachs and Kempk (Ber., 1902, 35, 1224) showed that N-benzyl-2 : 4- 
dinitroaniline and potassium permanganate yielded N-benzylidene-2 : 4-dinitroaniline, 
dehydrogenation having occurred. Other investigations point to the occurrence of «- 
oxidation of the N-substituent. Waters (J., 1946, 827) found that certain ¢ert.-amines were 
«-chlorinated by chlorine or N-chloroimides before dealkylation occurred. Leonard and 
Rekenstorf (J. Amer. Chem. Soc., 1945, 67, 49) observed that 2-diethylaminoethanol gave 
diethylamine and glycollic aldehyde with lead tetra-acetate, and considered that an 
a-hydrogen atom of the 2-hydroxyethyl group was replaced by acetoxy, that hydrolysis 
ensued, and that the resulting 1 : 2-dihydroxyethyldiethylamine decomposed to give the 
observed products. A somewhat similar conclusion was reached by Horner (Angew. Chem., 
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1950, 62, 359) who regarded the dealkylation of tertiary amines with benzoyl peroxide as 
passing through an N-a-benzoyloxyalkyldialkylamine. Finally, amine oxides have been 
regarded as intermediates in the dealkylation of amines by oxidation (Dodonov, J. Gen. 
Chem. Russ., 1944, 14, 960). 

In the present instance the formation of benzaldehyde when 1-benzylaminoanthra- 
quinone is heated im vacuo, where no second reactant is present, is likely to proceed by 
hydrogen transfer from the benzylamino- to the quinone group, a benzylideneamino- 
anthraquinol resulting. The hydrolysis of the imine requires the intervention of water 
and this should be available by elimination from the anthraquinol nucleus at the 
temperature employed. In agreement with fact dehydrogenation should be favoured by 
the use of nitrobenzene as solvent. Debenzylation occurred to a remarkably high 
degree (30°) when nitrobenzene was replaced by diphenyl ether. It is possible that in 
this instance an ether peroxide was the active dehydrogenating agent. 

Conversion of 1-chloroanthraquinone into 1-dimethylamino- and 1-piperidino-anthra- 
quinone by heating with the appropriate base proceeded normally, but when dibenzylamine, 
di-n-butylamine, or diethylamine was used the products were 1-benzylamino-, 1-n-butyl- 
amino-, and 1l-ethylamino-anthraquinone respectively. In the reaction with dibenzyl- 
amine, benzaldehyde and tribenzylamine were formed as by-products, which suggests that 
the reactions concerned are : 


+ 
AqCl + NH(CH,Ph), ——» AqNH(CH,Ph),}Cl- 


NH(CH,Ph), 
N(CH,Ph);, Ht «————— *+CH,Ph, Cl-, AqNH-CH,Ph 


#0 


—2H 
Ph-CH,-OH ——» Ph:CHO 
(Aq = l-anthraquinonyl.) 


EXPERIMENTAL 


1-Benzylaminoanthraquinone.—In confirmation of Seer’s work (Monatsh., 1910, 31, 371) 
]-aminoanthraquinone reacts even with an excess of benzyl chloride to form the monobenzyl 
derivative. A more convenient preparation of this compound is to heat 1-chloroanthraquinone 
(54 g.) and benzylamine (100 g.) at 180° for 2 hr. 1-Benzylaminoanthraquinone dissolves in 
cold concentrated sulphuric acid, forming a greenish-yellow solution from which it is precipitated 
unchanged on the addition of water. The bluish-red solution in acetic anhydride changes to 
deep violet on the addition of boroacetic anhydride and heating. The derivative is more soluble 
in organic solvents, and less strongly adsorbed on alumina, than is 1-aminoanthraquinone. 

Elimination of the benzyl group. (a) Ina series of experiments 1-benzylaminoanthraquinone 
(2-5 g.) was heated with other reactants in an oil-bath, usually for 6 hr. The product was 
transferred to a 1-1, flask, benzene being used to collect the last traces, water (500 c.c.) was then 
added, and the product distilled in steam. The residue, consisting of 1-aminoanthraquinone 
and unchanged 1-benzylaminoanthraquinone, was dissolved in chlorobenzene and the proportion 
of the constituents determined after chromatography on alumina. 1-Benzylaminoanthra- 
quinone passed through the column; l-aminoanthraquinone was eluted by the use of acetone. 
A saturated solution of 2 ; 4-dinitrophenylhydrazine in 2N-hydrochloric acid was added to the 
steam-distillate which was then again distilled in steam. The crystalline residue of benz- 
aldehyde 2: 4-dinitrophenylhydrazone was collected, washed with light petroleum (b. p. 60— 
80°), dried, and weighed. The tabulated results were obtained; values in parentheses indicate 
the extent of debenzylation. 

In the chlorobenzene and acetic acid experiments the reactants were heated under reflux; 
in all other experiments the oil-bath temperature was 240°. In each instance 20 c.c. of chloro- 
benzene, acetic acid, or nitrobenzene were used. 

(b) 1-Benzylaminoanthraquinone (0-19 g.) was recovered unchanged after 0-2 g. had been 
kept for 48 hr. at the room temperature in 5 c.c. of concentrated sulphuric acid. At 110° 
sulphonation occurred, 
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(c) When heated under reflux with 4 g. of alumina (‘‘ B.D.H., for Chromatographic 
Adsorption ’’) in 20 c.c. of o-dichlorobenzene, 1-benzylaminoanthraquinone (0-4 g.) gave l-amino- 
anthraquinone (0-1 g.; m. p. 250—251°); 0-2 g. of 1-benzylaminoanthraquinone, m. p. 188— 
189°, was recovered. 

1-Amino- Benzaldehyde 
anthraquinone 2: 4-dinitrophenyl- 
Other reactants (g.) * hydrazone (g.) 
2 pardncnteddes <swabgas jog éugnedsdemanceegrs «Une ann 0-88 (38%) 
Ph: NO,, K,CO, (2g). belied esc dss casteiae eecaecceuageasenics<s | CCM 0-67 (29%) 
Ph-NO,, Cu(OAc), (1+ - g.) ee sessseee 0-47 (26%) 0-59 (26%) 
Ph-NO,, Cu(OAc), a g.), 1 -chloroanthraquinone (2g v , 5 5 
Ph-NO,, 1- ge vee BE Sta (2 g.) 
Ph: NO, Cu(OAc), (1-5 g.), 2-chloroanthraquinone (2 g. 
Ph-NO,, p- “c Hy Mes 7 eR ae N 
Naphthalene (12 Riad erase coc vincee<oovaecucapeech tehaset 0-01 (0- Are) 
Diphenyl (10 g.) . Tad TESTES Ty Cored eaRdeaN Edy NeGRRabSarntse — 0-34 (15%) 
Diphenyl ether (20 g.) Sinica Aaenns aambGs denpeintt topacavds eau. Si On 0-66 (2982) 
PhCl . sukdaih nas AMS awe vei < nicpsivn Cleat ony None None 
PhCl, 1- <chloreanthssquisone (2 g) . ee Chey None None 
PhCl, Cu(OAc), (1-5 8), I-chloroanthraquinone (2 es} None None 
CH, -CO,H a Rahs bbavien 108 babinnn dagehesee.cs None None 
CH, -CO,H, Cu(O: Ac)s ‘(l 7) 5g.) Media sasapiscks thie Sapeeanistwnsi Trace 0-01, 0-01 (0-4%) 
* Where “‘ None ”’ occurs in this column, it is probable that 1-aminoanthraquinone was formed 
but condensed with 1- or 2-chloroanthraquinone to yield a dianthraquinonylamine. 


DS Ore GO bo 


Ccoa-~ 


1-p-Nitrobenzylaminoanthraquinone.—(a) 1-Aminoanthraquinone (6-5 g.) and p-nitrobenzyl 
chloride (5 g.), heated under reflux in trichlorobenzene (250 c.c.) for 4 hr., gave a deep red 
solution from which a tar separated after evaporation and cooling. Repeated treatment with 
acetic acid (charcoal) gave bright red needles (m. p. 258—259°; 0-3 g.) identical with 
the compound obtained more conveniently as follows. (b) An intimate mixture of p-nitro- 
benzyl bromide (9 g.) and the dry potassium derivative of 1-toluene-p-sulphonamido- 
anthraquinone (5 g.) was heated at 170°. A vigorous reaction ensued, a _ viscous, 
yellow liquid resulted, and after 5 min. addition to alcohol gave a yellow solid. 
Crystallisation from alcohol—acetone gave hexagonal rods (4 g.), m. p. 212—213° (Found: 
C, 66:0; H, 4-3; N, 5:3; S, 6-0. C,,H.,O,N,.S requires C, 65-7; H, 3-9; N, 5-5; S, 6-2%). 
1-(N-p-Nitrobenzyltoluene-p-sulphonamido)anthraquinone dissolved in pyridine with a yellow 
colour, changed to wine-red on the addition of methanolic potassium hydroxide. Heating with 
acetic acid caused decomposition, and this was also noticed during the preparation of the 
compound if the stated time was exceeded. On being heated at 213° for 10 min. the pure 
compound became red and 1-p-nitrobenzylaminoanthraquinone was isolated from the product by 
chromatography on alumina from benzene. 

A solution of 1-(N-p-nitrobenzyltoluene-p-sulphonamido)anthraquinone (2-8 g.) in con- 
centrated sulphuric acid (20 c.c.) was kept at the room temperature for 15 min. and then added 
to water, After neutralisation with sodium carbonate the solid (2-1 g.) was collected. 
Crystallisation from chlorobenzene gave bright red needles, m. p. 261—262° (Found: C, 69-9; 
H, 3-5; N, 7:7. C,,H,,O,N, requires C, 70-4; H, 3-9; N, 7-8%). 1-p-Nitrobenzylamino- 
anthraquinone is more strongly adsorbed on alumina than is 1-benzylaminoanthraquinone. It 
gives a deep violet colour with boroacetic anhydride in acetic anhydride. Like 1-benzylamino- 
anthraquinone the 1-p-nitrobenzyl analogue (2-87 g.) decomposes in nitrobenzene (20 c.c.) at 
240° (oil-bath) during 6 hr. Isolated by the standard procedure the products were l-amino- 
anthraquinone (0-28 g., 16%) and -nitrobenzaldehyde 2: 4-dinitrophenylhydrazone (m. p. 
and mixed m. p. 310°; 0-28 g., 10%); the percentages quoted indicate the extent of 
elimination of the p-nitrobenzyl group. 1-p-Nitrobenzylaminoanthraquinone was recovered 
unaltered after being heated (0-1 g.) with 10 c.c. of concentrated sulphuric acid at 120° for 
6 hr. 

2-p-Nitrobenzylaminoanthraquinone.—p-Nitrobenzyl chloride (3-5 g.) and the potassium salt 
of 2-toluene-p-sulphonamidoanthraquinone (Bradley and Leete, J., 1951, 2137) (2 g.), heated 
for 30 min. at 190° and subsequently worked up as for the 1-derivative, gave buff-coloured 
leaflets (1-3 g.), m. p. 181—183° (Found: N, 5:3; S, 5:9. CggH»gO,N.5 requires N, 5-5; 5, 
6-2%). 2-(N-p-Nitrobenzyltoluene-p-sulphonamido)anthraquinone forms an orange solution in 
pyridine, changed first to green, then to dull brown, on the addition of methanolic potassium 
hydroxide. A solution containing 0-5 g. in concentrated sulphuric acid (20 c.c.), heated on the 
steam-bath for 30 min., then cooled and added to water, gave 2-p-nitrobenzylaminoanthra- 
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quinone which crystallised from o-dichlorobenzene in orange needles, m. p. 255—256° (Found : 
C, 70-4; H, 4:1; N, 7-9. C,,H,,O,Ng requires C, 70-4; H, 3-9; N, 7-8%). 

1-m-Chlorobenzylaminoanthraquinone.—1-Aminoanthraquinone (3 g.) was refluxed with 
m-chlorobenzy! chloride (5 g.) in o-dichlorobenzene (20 c.c.) for 6 hr. The product was mixed 
with benzene, the solution chromatographed on alumina, and the main red band eluted with 
benzene. Evaporation gave 1-m-chlorobenzylaminoanthraquinone which crystallised from 
chlorobenzene in red needles (2 g.), m. p. 209—211° (Found: C, 72-6; H, 4:0; N, 4-1; Cl, 10-2. 
C,,H,,O,NCI requires C, 72-5; H, 4:0; N, 4-0; Cl, 10-2%). Ethyl-N-niirosoaminoanthraquinone 
resulted when finely powdered sodium nitrite (0-33 g.) was added to a stirred solution 
of 1-ethylaminoanthraquinone (1 g.) in acetic acid (12-5 c.c.) at 50°. The yellow 
precipitate, washed, dried, and purified by dissolution in boiling chlorobenzene, filtration, 
and cooling of the filtrate, gave crystals, m. p. 170—171° (Found: C, 68-4; H, 4:3; N, 10-3. 
C,¢H1,.0,N, requires C, 68-5; H, 4-3; N, 10-0%). 

Action of Light.—A solution of 1-N-nitrosoethylaminoanthraquinone (0-26 g.) in benzene 
(15 c.c.) was refluxed in bright sunlight for 2 hr. The colour changed from yellow to red. 
Chromatographed on alumina the cooled solution gave a bluish-red band which readily passed 
through the column. On the addition of light petroleum (b. p. 60—80°) to the eluate red 
needles (0-12 g.) separated, having m. p. 113—115°, not depressed by mixing with authentic 
1-ethylaminoanthraquinone. 

A similar decomposition occurred in benzene or in alcohol on exposure to sunlight at the 
room temperature. In the dark, even heating under reflux in alcohol for 3 hr. did not cause 
decomposition. However, the addition of benzoyl peroxide to the refluxing alcoholic solution 
caused rapid decomposition even in the absence of light. 

Solutions of 1-N-nitrosomethylaminoanthraquinone in benzene or alcohol decomposed 
similarly on exposure to sunlight. 

1-tert.-Butylaminoanthraquinone.—1-Chloroanthraquinone (4 g.) was heated with fert.- 
butylamine (16 c.c.) at 200° for 5 hr. The semi-solid product was dried in air and extracted 
with dilute ammonia, then with water, and finally it was crystallised from acetic acid. Deep 
red needles (3 g.), m. p. 1832—133° (Found: C, 77-1; H, 6-2; N, 4:8. C,gH,,O,N requires 
C, 77-4; H, 6-1; N, 5-0%), separated. 1-tert.-Butylaminoanthraquinone is more soluble than 
l-aminoanthraquinone in the common organic solvents; it is also less strongly absorbed on 
alumina. The bluish-red colour of the solution in acetic anhydride remains unaltered even on 
long heating with boroacetic anhydride. 

Elimination of the tert.-butyl group. (a) A solution of 0-1 g. of 1-tert.-butylaminoanthra- 
quinone in 10 c.c. of concentrated sulphuric acid was kept at the room temperature for 3 hr. and 
then added to water. After neutralisation with dilute ammonia the solid was collected, dried, 
and chromatographed from benzene on alumina. The main band was strongly adsorbed and on 
elution with acetone it gave 0-078 g. of l-aminoanthraquinone, m. p. and mixed m. p. 249 
250°. ‘The yield corresponded to 98% dealkylation. 

(b) 1-tevt.-Butylaminoanthraquinone (0-5 g.), heated with alumina (4 g.) as described for 
l-benzylaminoanthraquinone, gave l-aminoanthraquinone (0-28 g.) and 1-fert.-butylamino- 
anthraquinone (0-15 g.). 

In an unsuccessful attempt to prepare 1-¢ert.-butylaminoanthraquinone from 1-chloroanthra- 
quinone and N-tert.-butyltoluene-p-sulphonamide the last was prepared from toluene-p-sulphony! 
chloride (26 g.), tert.-butylamine (14 c.c.), and pyridine (70 c.c.). It crystallised from aqueous 
ethanol in colourless hexagonal rods (15-5 g.), m. p. 112—113° (Found: C, 58-0; H, 7:3; N, 
6-4; S, 14-1. C,,H,,0O,NS requires C, 58-1; H, 7-5; N, 6-2; S, 14:1%). 

1-n-Butylaminoanthraquinone.—1-Chloroanthraquinone (4 g.), heated with n-butylamine 
(15 c.c.) at 180° for 3 hr., gave a solid which after extraction several times with dilute ammonia 
and then water was crystallised from acetic acid. Deep red needles (2 g.), m. p. 81—82° 
(Found: C, 77-8; H, 6-0; N, 4:9. C,,H,,O,N requires C, 77-4; H, 6-0; N, 5-0%), were 
obtained. 1-n-Butylaminoanthraquinone is more soluble in organic solvents and less strongly 
adsorbed on alumina than l-aminoanthraquinone. The bluish-red solution in acetic anhydride 
becomes dull purple on heating with boroacetic anhydride. 

Elimination of the n-butyl group. (a) Heated in an oil-bath at 240° for 24 hr., 1-n-butyl- 
aminoanthraquinone (0-5 g.), cupric acetate (0-5 g.), anhydrous potassium carbonate (0-5 g.), 
and nitrobenzene (10 c.c.) gave unchanged 1-n-butylaminoanthraquinone (0-3 g.; m. p. 80°), 
and an unidentified yellow product after isolation and chromatography. 1-Aminoanthra- 
quinone was absent. 

(b) Heated with alumina as described for 1-benzylaminoanthraquinone, 1-n-butylamino- 


[1954] Derivatives of 1-Aminoanthraquinone. 251 


anthraquinone (0-4 g.) gave 0-03 g. of 1-aminoanthraquinone (m. p. 245°); 0-3 g. of 1-n-butyl- 
aminoanthraquinone, m. p. 78—80°, was recovered. 1l-Aminoanthraquinone could not be 
detected after 1-n-butylaminoanthraquinone (0-1 g.) had been kept in concentrated sulphuric 
acid at the room temperature for 6 hr.; 0-09 g. of the starting material, m. p. 78—80°, was 
recovered, There was no indication of dealkylation after heating of 0-5 g. with 20 c.c. of 
concentrated sulphuric acid at 110° for 5 hr. 

1-Ethylaminoanthraquinone. Elimination of the Ethyl Group.—(a) Heated in an oil-bath at 
240° for 24 hr., 1-ethylaminoanthraquinone (1 g.), cupric acetate (1 g.), anhydrous potassium 
carbonate (1 g.), and nitrobenzene (20 c.c.) gave 0-035 g. of 1-aminoanthraquinone, m. p. 250° 
(4% dealkylation). 

(b) Heated with alumina as described for 1-benzylaminoanthraquinone, 1-ethylamino- 
anthraquinone (0-4 g.) gave l-aminoanthraquinone (0-01 g.; m. p. 245—248°) ; 0-3 g. of 1-ethyl- 
aminoanthraquinone was recovered. 

No trace of 1-aminoanthraquinone was found when 1-ethylaminoanthraquinone (0-1 g.) was 
kept in 10 c.c. of concentrated sulphuric acid for 24 hr. at the room temperature; 0-07 g. of the 
starting material was recovered. Only unchanged material (0-08 g.) was found on repetition 
of the experiment at 120° for 6 hr. 

1-Methylaminoanthraquinone.—This compound was recovered unchanged after being 
heated with alumina in boiling chlorobenzene, or with concentrated sulphuric acid at 120° for 
6hr. Similarly, 1-dimethylaminoanthraquinone (0-09 g.) was recovered after heating of 0-1 g. 
in concentrated sulphuric acid (5 c.c.) at 90° for 8 hr. 

Condensation of Dibenzylamine with 1-Chloroanthraquinone.—(a) Formation of 1-benzylamino- 
anthraquinone. 1-Chloroanthraquinone (2 g.), potassium acetate (1 g.), and dibenzylamine 
(10 c.c.) were heated in an oil-bath at 190° for 2 hr. When cool, the solid was collected and 
washed with methanol (yield, 1 g.; m. p. 187—189°, not depressed on mixing with authentic 
1-benzylaminoanthraquinone). Crystallisation from acetic acid gave rosettes of bright red 
needles, m. p. 188—189° (Found: C, 80-7; H, 5-1; N, 4-4. Calc. for C,,H,;0,.N: C, 80-4; 
H, 4:8; N, 4:5%). The filtrate from the original reaction product was neutralised by the 
addition of hydrochloric acid, heated (charcoal), and filtered. The colourless crystals which 
separated, washed with hydrochloric acid and then dried, had m. p. 265—266°, not depressed 
by mixing with dibenzylamine hydrochloride, m. p. 266°, and depressed to 220° by benzylamine 
hydrochloride (Found: C, 71:5; H, 7:1; N, 5-8; Cl, 15-3. Calc. for C,,H,,NCl: C, 71-9; 
H, 6-8; N, 7-0; Cl, 15-2%). 

(b) Formation of tribenzylamine. 1-Chloroanthraquinone (5 g.) and dibenzylamine (25 c.c.) 
were heated under reflux for 4hr. The product was cooled and extracted with 200 c.c. of ether, 
and the extract was shaken with hydrochloric acid. A white precipitate formed and this was 
collected, washed with ether, and then extracted with 30 c.c. of pyridine. On the addition of 
water the extract gave a white solid (0-8 g.), m. p. 89—90°, not depressed on admixture with an 
authentic sample of tribenzylamine. 

(c) Formation of benzaldehyde. Experiment (a) was repeated, but the reaction product was 
acidified and then distilled in steam. A saturated solution of 2: 4-dinitrophenylhydrazine in 
2n-hydrochloric acid added in excess to the distillate gave 0-4 g. of a yellow solid, m. p. 240— 
241°, not depressed on admixture with an authentic sample of benzaldehyde 2: 4-dinitro- 
phenylhydrazone. 

Di-n-butylamine and 1-Chloroanthraquinone. Formation of 1-n-Butylaminoanthraquinone.— 
1-Chloroanthraquinone (4 g.) and di-w-butylamine (10 c.c.) were heated at 190° for 4 hr. The 
resulting solid was collected, extracted several times with dilute ammonia, then crystallised 
from acetic acid. The product (1 g.) formed deep red needles, m. p. 73—80°, not depressed on 
admixture with an authentic sample of 1-7-butylaminoanthraquinone. 

Diethylamine and 1-Chloroanthraquinone. Formation of Ethylaminoanthraquinone.—A care- 
fully purified sample of diethylamine (12 c.c.) was heated with 1-chloroanthraquinone (4 g.) at 
160° for 4 hr. The resulting solid was collected and extracted with dilute ammonia, and the 
residue was dried and finally chromatographed from benzene on alumina. The main portion 
passed through the column readily and the eluate when mixed with light petroleum (b. p. 60— 
80°) afforded 2-1 g. of bright red needles, m. p. 122—123° (Found: C, 76-4; H, 5-1; N, 5-8. 
Calc. for C,,H,,;0,N : C, 76-5; H, 5-2; N, 5-6%), not depressed on admixture with an authentic 
specimen of l-ethylaminoanthraquinone. The red solution in acetic anhydride changed to 
violet on the addition of boroacetic anhydride and heating. 

1-Piperidinoanthraquinone.—Following G.P. 136,777, 1-chloroanthraquinone (5 g.) and 
piperidine (14 c.c.) were heated on a steam-bath for 10 hr. The product crystallised from ethyl 
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alcohol in red leaflets (4 g.), m. p. 118—119° (Found: C, 77-9; H, 5-8; N, 4-9. Calc. for 
C,9H,,O,.N: C, 78:3; H, 5:8; N, 4:8%). 1-Piperidinoanthraquinone forms a bluish-red 
solution in acetic anhydride, rendered paler on heating with boroacetic anhydride. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
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The Cyanogen Halides. Part II.* The Positive Cyanogen Ion. 
By A. A. WOOLF. 
[Reprint Order No. 4517.] 


Evidence is presented for the existence of a positive cyanogen ion in 
solution. Cyanogen chloride forms double halides analogous to nitrosonium 
salts. Consideration of the energetics of the process indicates that these 
compounds are unlikely to be salts in the solid state. The enhancement of 
the conductivity of cyanogen chloride by these compounds and not by 
chlorides which do not form complexes, shows that they ionize in solution. 
The mode of ionization follows from the anionic transport of the metal on 
electrolyses of aluminium and ferric chloride complexes. Cyanogen bromide 
behaves similarly, although polymerization obscures the results. Aromatic 
substitution by double halides in Friedel-Crafts reactions, and the reactions 
of cyanogen halides with organometallic compounds, are in agreement with 
the existence of a positive cyanogen ion in solution. Attempts to prepare 
cyanogen fluoride and its complex fluorides are described. 


SOLVOLYTIC ionization of cyanogen halides was discussed by Fairbrother (J., 1950, 180) 
who pointed out that the ionization of cyanogen chloride to Cl- and CN* is more favourable 
than to Cl* and CN~ with the consequence that there are few, if any, reactions of cyanogen 
chloride in which it behaves as a cyanide. It follows that the positive cyanide ion must 
have a finite existence in solution and may even have a permanent existence in the solid 
state. This paper provides further evidence for this conclusion. 

The analogies between cyanogen halides and nitrosyl and interhalogen halides (cf. Part 
I *) can be usefully extended to a comparison of the positive ions formed from these sub- 
stances. Older evidence for the nitrosyl ion has been given by Weiss (Ann. Reports, 1947, 
44, 73), and since then the use of proton-free ionizing solvents (sulphur dioxide, nitrosyl 
chloride, and bromine trifluoride) has provided ample confirmatory evidence (Seel and 
Bauer, Z. Naturforsch., 1947, 2, b, 397; Seel, Bocz, and Nogradi, Z. anorg Chem., 1951, 
264, 298; Burg and Campbell, /. Amer. Chem. Soc., 1948, 70, 1964; Burg and McKenzie, 
ibid., 1952, 74, 3143; Woolf, /., 1950, 1053). 

The evidence for halogen cations is not so extensive (Reeve, Rev. Pure Appl. Chem. 
Australia, 1952, 2,108). It is based mainly on their halogenating ability and salt formation 
(Derbyshire and Waters, J., 1950, 564, 573; Carlsohn, Ber., 1935, 68, 2209; Fialkov and 
Shor, J. Gen. Chem., U.S.S.R., 1949, 19, 1198; Gutmann, Z. anorg. Chem., 1951, 264, 152). 
The important feature of this work is the necessity of solvation to stabilize halogen cations 
both in solution and in the solid state. 

Methods similar to those used for the study of nitrosyl and halogen cations have been 
applied to show the existence of a positive cyanogen ion. Compound formation between 
cyanogen chloride and halides was investigated. The chlorides used are listed in Table | 
and will be considered in turn. The 1: 1 compound with gold chloride was a yellow crystal- 
line solid which formed a red solution in cyanogen chloride. All attempts to prepare the 
boron compound by evaporation of solutions im vacuo led to an exothermic polymerization 
of cyanogen chloride. The aluminium chloride compound may be partly polymerized, 
because it had to be prepared at 100°, but the fact that the same compound was produced 
by rapid heating to 100°, or by slow heating to 100° after being kept for several hours at 
room temperature, renders this unlikely. The titanium compound was not that obtained 


* Part I, J., 1953, 4121. 
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by Wohler (Annalen, 1850, 73, 219) whose analysis showed a 1: 1 compound; when pre- 
pared from liquid cyanogen chloride its composition was always TiCl,,2CNCI, and it was a 
yellow solid, sparingly soluble in cyanogen chloride. The corresponding stannic compound 
could not be prepared even in liquid sulphur dioxide. Antimony pentachloride was the 
only halide in Group V which reacted. Compounds with PCl,, PCl,, AsCl,-Cl, (reported 
to react as AsCl;; Gutmann, Monatsh., 1951, 82, 473), and SbCl, could not be isolated. 
The ferric chloride compound had not been previously identified although Klein (loc. cit.) 
mentioned the reaction with ferric chloride. It was a brown solid which dissociated at 
<5 mm. and formed a deep red solution in cyanogen chloride. The corresponding nitrosyl 
compounds are given in the same Table, and it is significant that all the cyanogen compounds 
have nitrosyl analogues and that, from their composition at least, the former could be 
formulated as salts of a positive cyanogen ion. The latter ion should be spherically sym- 
metrical by rotation. The upper limit to its size, 1-40 A, is fixed by the radius of the 


TABLE 1. Double halides of cyanogen and nitrosyl chlorides. 
Compound with : Compound with : 
Chloride CNCl NOCI ! Chloride CNCl NOCI ! 
Fe. Mae <isvesay toeaenies of Se 
iB , - : 
l . 
1 


I lL: 
=) eS 
+] | 
edecew « oo ee. 

ZrCl,,4 ThCl,,4 PCl,, PCl;, AsCl,, SbCl,, and NbCI,; do not form compounds. 
1 See Seel, Z. anorg. Chem., 1950, 261, 76, for references. * Martien, Annalen, 1859, 109, 74. 
3 Matthews, Amer. Chem. J., 1898, 20, 815. 4 Klein, Annalen, 1850, 74, 87. 


nitrosonium ion with two extra orbital electrons. (The use of covalent radii to obtain the 
upper limit in size is only reliable if the centre of rotation is known. For example, the 
upper limit to the radius of the nitrosonium ion would be equal to the covalent nitrogen— 
oxygen distance, 1-15 A, if it were to rotate about the centre of this bond.) The radius of 
the positive cyanogen ion should therefore be closer to that of the sodium than of the potas- 
sium ion (0-95 and 1-33 A, respectively). Since the radius ratio decides the structure in 
ionic lattices, the compound (CN),TiCl, should be isomorphous with the sodium salt. 
However, X-ray powder photography reveals no simple symmetry for the cyanogen com- 
pound, whereas the sodium salt is cubic (Engel, Z. Krist., 1935, 90, 362). A comparison 
of the energetics of complex salt formation with the cyanogen and nitrosyl positive ions 
shows that the former is far less favoured. Consider the process 
X-Cl(g) ——» X(g) + Cl(g) ——» X*+(g) + Cl-(g) 
Cl-(g) + MCL,(g) ——» MCli . 17 (g) 
X+(g) + MCle. »~(g) — XMCle , »~(s) 


where X—Cl is cyanogen or nitrosyl chloride, MC, , ,~ the complex anion, and the letters 
(g) and (s) refer to the gaseous and the solid state. The three terms which differ are the 
dissociation energy of the X-Cl bond, the ionization energy of the positive ion, and the 
lattice energy of the salt. Only the last term is more favourable for salt formation from 
cyanogen chloride, because of the smaller size of the cyanogen positive ion; but this is far 
outweighed by the difference in dissociation energies (~58 kcal.) and ionization potentials 
(~67 kcal., if the ionization potential of cyanogen and bromine radical are assumed equal ; 
the direct measurement for the former of 14 + 2 ev probably includes some extra excitation 
energy). 

The cyanogen compounds may not be ionic in the solid, but experiments using cyanogen 
chloride as a solvent gave definite evidence for ionization in solution. The conductivity of 
cyanogen chloride reported in Part I (loc. cit.) was considerably enhanced by addition of 
chlorides with which it formed compounds. A M/50-solution of aluminium chloride, for 
example, was 1000 times as conducting, and the equivalent conductivity was of the same 
order as in liquid nitrosyl chloride. In contrast, arsenic trichloride, typical of halides 
soluble in cyanogen chloride without compound formation, provided a negligible increase. 
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Values of the equivalent conductivity at infinite dilution obtained by extrapolation of the 
results with concentrated solution (0-01—0-10M) are given below and are to be regarded 
as rough minimum values. 

a eile ee ons Ce SbCl, FeCl, AsCl; 

Pig SUITE as sivckware cos trinectecese 82 >18 82 0-2 


The increase in conductivity with antimony pentachloride was perhaps the most 
significant result. The reasons for believing that this is not due to ionization of the penta- 
chloride itself are, first, that the latter is a covalent halide, whose conductivity has been 
redetermined as 5 xX 10°§ mho at room temperatures, and which would hardly be expected 
to ionize in so weakly an ionizing solvent as cyanogen chloride; and, secondly, that arsenic 
trichloride, which could ionize more readily, barely increases the conductivity of the solvent. 
It is therefore difficult to account for the observed increase with the pentachloride, or 
even with ferric and aluminium chlorides, both of which have layer lattices in the solid 
state, unless complex formation with the solvent to form a complex anion is assumed. 

The analogy with nitrosyl chloride provided an indication of the direction of ionization, 
but the failure of cyanogen chloride to undergo polyhalide formation prevented a confirm- 
ation of this direction by the use of exchange reactions. The solutions were therefore 
electrolysed with the expectation that metal would be transported to the cathode if the 
positive cyanogen ion were present in solution. 

The compound CNC1,AICI, is in equilibrium with ions in solution: CNCL,AICIl, == CN * 
AICl,-. The anion is also in various equilibria with chloride ions. Whether aluminium 
is transported to the anode or the cathode depends on the stability of the complex ions, 
governed by the various equilibrium constants, and the rate of the possible electrode 
processes governed by their activation energies. (It is reasonable to assume that attain- 
ment of ionic equilibria is instantaneous and does not affect the rate of the overall process.) 
The deposition or transport of metal to the anode, therefore, is acceptable evidence for its 
presence in an anion, but the reverse process does not necessarily imply that it is originally 
present as a cation or cation complex. A further complication arises when transport is 
the main phenomenon, which depends on the relative mobilities of the complex anions and 
cations in equilibria. If these mobilities are sufficiently different, the net observed move- 
ment of the element in a given direction may be the opposite to that expected for ions 
present in the larger amount. In practice, this may be unimportant because equilibrium 
constants of complex anions of the type investigated are usually small in most solvents, 
whereas transport numbers will not differ by more than a factor of 100. Van Dyke (J. 
Amer. Chem. Soc., 1950, 72, 3619) maintained that, because electrolysis of aluminium 
bromide in methyl bromide gave aluminium at the cathode and bromine at the anode, it 
behaved as a normal 1:3 electrolyte. The electrolysis products, however, could result 
from aluminium bromide in equilibrium with a complex anion and the above experiment 
does not disprove the presence of AlBr,- ions. Wertyporoch (Ber., 1931, 64, 1378), using 
ethyl bromide solutions, came to an opposite conclusion, but examination of his results does 
not support the contention that aluminium migrates to the anode in a complex anion. He 
calculated the ratio of the anodic to cathodic aluminium in solution at the end of electrolysis, 
but if the ratio of the losses in concentrations at the electrodes is calculated, an inverse 
ratio is obtained. It appears that aluminium is primarily deposited at the cathode rather 
than transported to the anode. Electrolysis of aluminium chloride solution in cyanogen 
chloride, under anhydrous conditions with platinium electrodes, produced an increase in 
aluminium concentration above the original at the anode and a decrease at the cathode. 
With ferric chloride solution the result was not as definite although the anode concentration 
was greater than the cathode value. When silver electrodes were substituted in a ferric 
chloride solution, deposition rather than transport resulted. Iron and paracyanogen were 
deposited, and cyanogen gas liberated at the cathode, chlorine at the anode. A qualitative 
electrolysis of an antimony pentachloride solution with a platinium cathode and silver 
anode showed that paracyanogen and chlorine were formed at anode and cathode, respec- 
tively. These experiments concord with an ionization to positive cyanogen in cyanogen 
chloride solutions; their complete interpretation, however, would require a more complete 
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knowledge of the various equilibria existing in solution, as well as of the relative mobilities 
of the ions. 

Cyanogen bromide behaved similarly to cyanogen chloride, but the easier polymerization 
to the trimer was a complication. Oberhauser (Ber., 1927, 60, 1434; 1929, 62, 1482) 
prepared some double halides by heating bromides with cyanogen bromide in sealed tubes 
and extracting the residue with carbon disulphide, or by mixing solutions in organic sol- 
vents. He obtained 2CNBr,SnBr,, 2CNBr,TiBr,, 2CNBr,AsBr,, and 3CNBr,2SbBr, by 
these methods but was unable to prepare any compound with aluminium bromide because of 
polymerization. In fact, the addition of aluminium bromide to cyanogen bromide is the 
best method of preparing cyanuric bromide (Perret and Perrot, Bull. Soc. chim., 1940, 7, 
743). The compound CNBr,AlBr., however, was readily obtained by mixing solutions of 
the component halides in non-polar solvents. The fact that the composition of the product 
was independent of the relative proportions of the halides used, showed that polymerisation 
had not occurred. The conductivity of molten cyanogen bromide was increased immedi- 
ately on addition of aluminium or stannic bromides but the polymerization of the solvent 
prevented precise measurement of conductivity or of ionic mobility. 

It was expected that complex fluorides of the positive cyanogen ion would be thermo- 
dynamically the most stable of complex halides and, consequently, the preparation of 
double fluorides with cyanogen fluoride was attempted. Cosslett (Z. anorg. Chem., 1931, 
201, 75) claimed to have made the parent compound, CNF, by treatment of cyanogen 
iodide with silver fluoride. The absorption spectrum and “ sodium flame ”’ reaction have 
also been reported (White and Goodeve, Trans. Faraday Soc., 1934, 30, 1049: Cosslett, 
loc. cit.). This work is doubtful because the identification of the new fluoride was by 
molecular-weight determination without any chemical analysis; re-examination of the 
reaction by Ruff (Ber., 1936, 69, 193) indicated a mixture of carbon dioxide, silicon tetra- 
fluoride, and perhaps some (CNF3),, and more recent work, in which cyanuric fluoride has 
been prepared, indicates that cyanogen fluoride is a labile intermediate (Kwasnik, F.I.A.T. 
Final Report No. 1114, 1947, 7; Hiickel, Chem. Abs., 1950, 44, 4359). The preparation of 
cyanogen fluoride by use of cyanogen chloride with milder fluorinating agents such as 
plumbous, zinc, mercurous, or antimonous fluoride, has been no more successful. Small 
yields of gases of low molecular weight, which appeared to be mixtures containing carbon 
dioxide and silicon tetrafluoride, were obtained. The reaction of cyanogen chloride with 
silver fluoride in neutral aqueous solution gave carbon dioxide as the only gaseous product. 
The failure to prepare cyanogen fluoride therefore led to attempts to prepare its derivatives 
without its own isolation (cf. Part I, Joc. cit.). A mixture of cyanogen chloride and boron 
trifluoride passed into anhydrous hydrogen fluoride at 0° left no solid product, and hydrogen 
fluoride polymerized cyanogen bromide mainly to cyanuric bromide. Fluorosulphonic 
acid was also used; cyanogen chloride was unaffected at low temperatures, and cyanogen 
bromide decomposed violently. Finally, bromine trifluoride was shown to bring about 
carbon-nitrogen bond fission. All carbon was eliminated from cyanogen halides but up to 
75°% of nitrogen was retained. Cyanogen chloride, bromide, or iodide and boric oxide 
yielded mixtures of nitrosonium and nitronium tetrafluoroborates with bromine trifluoride, 
the yield increasing with decreasing volatility of cyanogen halide. The oxygen in the 
products came from the air and not from the silica reaction flask. Variation of the length 
and degree of cooling during addition of bromine trifluoride altered the composition of the 
product. Mixed salts of hexafluoro-phosphates, -antimonates, and -vandates were similarly 
obtained. 

It can be seen that there is no evidence for the cyanogen positive ion in the solid state. 
However, the correlation of the structure of cyanogen halides with their reactivity to 
organic molecules provides further evidence of its existence in solution. 

Cyanogen chloride or bromide in the presence of aluminium chloride can substitute 
cyanogen into aromatic nuclei (Friedel and Crafts, Ann. Chim. Phys., 1884, 1, 528; Scholl 
and Norr, Ber., 1900, 38, 1052, 1055; Karrer and Zeller, Helv. Chim. Acta, 1919, 2, 482; 
1920, 3, 261). Cyanogen iodide, contrary to Karrer and Zeller’s implication, produces 
iodo- and not cyano-derivatives. The yield of iodobenzene from benzene, which was far 
in excess of 50%, showed that the iodination was not caused by free iodine in equilibrium 
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with cyanogen iodide. The double halides CNCI,AICIl, and CNBr,AlBr, also gave cyano- 
benzene with benzene. The bromide gave a 27% yield in benzene alone, but with nitro- 
methane as solvent the yield increased to 50%. This may have been due to the higher 
dielectric constant of the reaction medium but was more probably due to the homogeneity 
of the reaction. The compound 2CNC1,TiCl,, however, did not produce any cyanobenzene 
on reaction with benzene under a variety of conditions. Only cyanuric chloride was 
isolated. Similarly, thiophen did not give a cyano-derivative but polymerized (compare 
Hartough, ‘‘ Thiophene and its Derivatives,” Interscience Pub. Inc., New York, 1952, 
165). This was not unexpected because titanium tetrachloride is a weak Friedel-Crafts 
catalyst used for anionic polymerizations or acylations. 

That the rate of “‘ cyanosation ”’ was more akin to that of alkylation has been demon- 
strated by competition reactions. When cyanogen bromide and acetyl bromide were 
allowed to compete for aluminium bromide in excess of benzene, the product was free from 
nitrogen. In another experiment cyanogen and propyl bromides in the presence of excess 
of catalyst competed for benzene in carbon disulphide as diluent. The nitrogen content 
of the product showed that substitution of propyl and cyano-groups was roughly equivalent. 

It should be emphasized that the above experiments show the existence of a positive 
cyanogen ion only if a positively charged ion is accepted as the reactive entity in the 
Friedel-Crafts type of reaction. The evidence for this is still far from conclusive, but it 
does conform with current ideas on aromatic substitution. The actual equilibrium con- 
centration of ions in the low-dielectric media used cannot but be minute, and although it 
it possible that the mechanisms of reactions are non-ionic, it is more probable that ions of 
widely varying stabilities are the intermediates in all reactions. 

Part of the evidence for the ionic nature of Friedel-Crafts reactions is concerned with 
the demonstration of the formation of complex anions (e.g., Fairbrother, /., 1937, 503; 
Karshak and Kolesnikov, Chem. Abs., 1946, 40, 4033). The work with cyanogen halides 
could also be taken as evidence for the existence of mixed complex anions. Cyanogen 
chloride or bromide can be used with aluminium chloride or bromide; cyanogen bromide 
forms compounds with chlorides as well as bromides, and the conductivity of aluminium 
bromide in cyanogen chloride solution is only a little less than that of aluminium chloride. 

lhe reactions of cyanogen halides with organometallic compounds can also be explained 
if a positive cyanogen ion is formed in solution from cyanogen chloride. In the reactions 
with Grignard reagents it was found that equimolecular amounts of cyanogen chloride and 
a reagent with a primary alkyl or aryl group gave an alkyl or aryl cyanide as the main 
product. Cyanogen bromide gave mainly the bromide, whereas cyanogen iodide gave the 
iodo-compound exclusively (Grignard, Compt. rend., 1911, 152, 388; 1912, 154, 361; Grig- 
nard and Bellet, bid., 155, 44; Grignard, Bellet, and Courtot, Ann. Chim. Phys., 1915, 4, 
28; 1919, 12, 364; Grignard and Ono, Bull. Soc. chim., 1926, 39, 1285). The original 
explanation proposed was in terms of tautomerism of the cyanogen halides. The organic 
compound was regarded as tautomerizing cyanogen chloride completely to the nitrile 
form, cyanogen bromide partly to this form, and cyanogen iodide to the zsonitrile form. 
This type of explanation cannot now be regarded as satisfactory because there is definite 
evidence against tautomerism. If the reaction is considered as a simple ion exchange, 
however, the results can be understood. Cyanogen chloride in solution can give a positive 
cyanogen ion, cyanogen iodide a positive iodine ion, and bromine cyanide is intermediate. 
fhe reaction with cyanogen chloride can thus be formulated R-MgBr* + CN*Cl = 
RCN + MgBrCl. It appears that BrCN ionizes under these conditions mainly as bromine 
cyanide compared with cyanogen bromide in the Friedel-Crafts reaction. (All that is 
implied by the monomeric formula of the Grignard reagent is that a small ionization to 
carbanions exists in solution.) The substitution of a secondary alkyl or aryl group in 
the reagent altered the reaction with cyanogen chloride to give about 70% and 50%, of 
chloride in the respective reactions, with about 8—10°%, of cyanide in both cases. The 
cyclohexyl group reacted as a secondary alkyl group. 

If the above explanation is correct, the latter reactions imply a reverse ionization either 
of cyanogen chloride or of the Grignard reagent. There is a possibility that carbonium 
ions are formed in view of the increase in stability of such ions from primary to tertiary 
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groups (Hughes, Trans. Faraday Soc., 1941, 37, 608; Fairbrother, bid., p. 765) but further 
evidence is necessary. 

Finally we mention a few experiments illustrating the minuteness of the ionization of 
cyanogen halides in organic solvents. Neither cyanogen chloride nor iodide solutions in 
benzene or nitrobenzene gave precipitates of silver halide with silver perchlorate in seven 
days. With cyanogen iodide and the perchlorate in benzene a complex, mostly of silver 
cyanide, was precipitated, and when the mixture was heated under reflux a 17% yield of 
iodobenzene was obtained. From similar experiments with iodine Birkenbach and Goubeau 
(Ber., 1932, 65, 395) suggested that iodobenzene was formed by attack of iodonium per- 
chlorate. It is probable that most of the cyanogen iodide reaction results from the positive 
iodine formed from cyanogen iodide rather than from molecular iodine. Both cyanogen 
bromide and aluminium bromide solutions in benzene have conductivities not greater than 
10° ohm! cm."}._ Titration of one solution with the other failed to increase this value. 


EXPERIMENTAL 


Reactions of Cyanogen Chloride with Halides—Cyanogen chloride stored over phosphoric 
oxide in the flask A (Fig. 1) was distilled on to a weighed amount of halide in flask B cooled in 
liquid air. By manipulation of taps T, and T, the pressure in the system away from B could be 
kept at 30 cm., and under these conditions distillation was rapid. The taps were then closed 


Fic. 1. 
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and B was warmed to 5° and shaken till reaction was complete. Dry nitrogen was passed into 
the system until the appropriate pressure for distillation was reached, and the excess of solvent 
distilled into C by cooling the latter. With tap T, closed the flask was removed and weighed 
from time to time until constant weight was attained. Finally, solvent in C was distilled back 
into A. 

Analysis of products. These were decomposed in situ in a closed apparatus to avoid loss of 
cyanogen chloride. The chlorine content was determined by precipitation of silver chloride. 
The cyanogen analysis was effected by alkaline hydrolysis to cyanate and subsequent conversion 
into ammonia by acid hydrolysis. The ammonia was recovered by distillation. Low results 
were obtained which were at first attributed to displacement of molecular cyanic acid from solution 
during the conversion of cyanate into ammonia with strong acid. However, blank experiments 
with sodium cyanate showed that heating under reflux did not increase the yield of ammonia, 
and that decreasing the concentration of the mineral acid (0-7N to 0-02N) decreased the yield 
still further. Previous workers also obtained low results. Lewis and Keyes (J. Amer. Chem. 
Soc., 1918, 40, 472) stated that not more than 92% of the ammonia could be recovered. Ruff 
and Willenberg (Ber., 1930, 78, 727), analysing bistrifluoromethylamine, converted hydrogen 
cyanide into ammonia in 93% yield. 

Boron trichloride. A sample was distilled from mercury in vacuo. On admixture with 
cyanogen chloride a white precipitate, soluble in excess of cyanogen chloride, appeared. When 
most of the solvent had been removed under 30 cm., an exothermic reaction occurred and the 
white solid became brown. No more cyanogen chloride could be removed even under full 
vacuum. The solids which remained varied in composition according to the stage at which 
the exothermic reaction took place. Two products had compositions BCl,,1-69CNCl and 
BCI,,3-16CNCI1. 

Aluminium chloride. This chloride was readily soluble to give a viscid liquid which changed 
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to a white solid on removal of solvent. The residue was analysed for aluminium and chlorine 
by dissolving it in ammonia and ammonium nitrate solutions. The precipitated hydroxide was 
ignited to oxide, and the chloride in the filtrate determined gravimetrically. The residues 
obtained by removal of cyanogen chloride at room temperature and pressures of about 10-5 cm. 
always retained more than one mole of cyanogen chloride to one of aluminium chloride. The 
1 : 1 ratio was approached as the temperature was increased to 100°. Above this temperature 
the residue darkened and decomposed. Variation of composition with temperature is shown in 
Fig. 2. The analyses of two high-temperature products are given (Found: Al, 14-0, 14-1; 
Cl, 72-8, 73-7; CN, 18-°3%; equiv., 195, 195-5. CNCI,AICI, requires Al, 13-8; Cl, 72-9; CN, 
133%; equiv., 194-8). Products formed at room temperatures had compositions varying 
from AICl,,1-48CNCI to AICI,,1-64CNCI. 

Titanium tetrachloride. A bulky yellow precipitate was formed on addition of cyanogen 
chloride to a redistilled specimen of the tetrachloride. A hygroscopic yellow solid remained after 
removal of excess solvent under 30cm. The titanium was determined as oxide after precipit- 
ation with sodium carbonate (Found : Ti, 15-6; Cl, 68-7; CN, 15-4%; equiv., 316. 2CNCI,TiCl, 
requires Ti, 15-3; Cl, 68-0; CN, 16-6%; equiv., 313). 

Stannic chloride. This chloride was miscible with cyanogen chloride but no solid remained 
after evacuation under 10 cm. The reaction was also carried out in liquid sulphur dioxide. 
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Stannic chloride (1 ml.) was dissolved in sulphur dioxide (15 ml.), and cyanogen chloride (1 ml.) 
added. The clear solution was held at —22° for 1 hr., and the solvent evaporated into a trap 
at —22°. A liquid residue of unchanged chlorides remained. 

Antimonic chloride. A white precipitate was formed on addition of cyanogen chloride. The 
latter was removed under 10cm. The antimony was determined iodometrically after reduction 
of a tartrate solution with sulphurous acid. The compound was stable at a pressure of 6-5 mm. 
but began to sublime below 1 mm. (Found: Sb, 33-7; Cl, 59:0; CN, 6-7%; equiv., 361. Calc. 
for CNCI,SbCl,: Sb, 33-7; Cl, 59-1; CN, 7-2%; equiv., 361). Phosphorus, antimony, and 
arsenic trichlorides and niobium pentachloride were soluble without reaction and could be 
recovered unchanged on removal of solvent. 

Phosphorus pentachloride, prepared in situ from chlorine and the trichloride, was sparingly 
soluble in cyanogen chloride. Evacuation at 35 cm. removed all solvent. No reaction occurred 
when the components were heated in a sealed tube. 

Auric chloride was prepared in the reaction flask. It was soluble and left a 1: 1 compound 
after being kept under 18 cm. Products formed at higher pressures had so high a cyanogen 
chloride pressure that they lost weight continuously. Gold was precipitated by alkaline 
formaldehyde, and chlorine and cyanogen determined on aliquot portions of the filtrate (Found : 
Au, 53-6; Cl, 39-2; CN, 6-6% ; equiv., 359. CNCl,AuCl, requires Au, 54-0; Cl, 38-9; CN, 7-1%; 
equiv., 365). 

Platinic chloride was insoluble in and unreactive with cyanogen chloride. 

Ferric chloride was readily soluble to give a deep red solution. Removal of excess of solvent 
at 4—6 mm. gave a yellow-brown 1: 1 compound which readily dissociated at lower pressures. 


Woolf: The Cyanogen Halides. Part I. 259 


The iron was determined volumetrically with standard permanganate after precipitation as 
hydroxide (Found: Fe, 25-5; Cl, 63-2; CN, 10-8%; equiv., 222. CNCl,FeCl, requires Fe, 
25-0; Cl, 63-6; CN, 11-4%; equiv., 224). 

Conductivities in Cyanogen Chloride.—Antimony pentachloride. The pentachloride is reported 
to be a poor or non-conductor (see Gmelin’s ‘‘ Handbuch,’’ 1949, 18, 443, for references), so its 
conductivity was redetermined to obtain an absolute value. The antimony pentachloride was 
purified by trap-to-trap distillation in a tapless apparatus, each trap being sealed off in turn. 

In the absence of a decomposition potential the resistance was determined with direct 
current. The galvanometer used was calibrated with a standard megohm in place of the cell. 
Values obtained at 22° are tabulated : 

7 0-20 030 0-40 0-50 0-60 0-70 0-80 0: 1 
C, pa 0-054 0-096 0-143 0-185 0-233 0-279 0-324 0-368 0-415 0 
V/C, pQ (1-85) 2:08 2:10 2:16 2:15 2:15 2:16 2:17 2 2 

Mean = 2:15 + 0:03 pQ; « = 5-75 x 10°8§ ohm™ cm.}. 
Similarly at 8° « = 4:56 x 10-§ and at 36° « = 6-11 x 10°. 


‘00 1:10 1-20 
*459 0-504 0-548 
18 2-18 2-20 


The conductivity at 0° for 0-0271 mole of pentachloride per kg. of solvent was 4:83 x 10-4, 
a value about 400 times that of the pure solvent. The equivalent conductivity of the solution 
was 17:9. The solution did not obey Ohm’s law but it was impossible to obtain a steady 
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Constriction 


decomposition potential. An approximate value of 0-5 v was obtained by taking readings every 
2 min. 

Aluminium trichloride. Hydrogen chloride, dried by concentrated sulphuric acid and phos- 
phoric oxide, was passed over aluminium turnings at 600°. The white sublimate at the cooler 
end of the tube was quickly melted into ampoules in a stream of nitrogen, and the ampoules 
were sealed. For purification the ampoules were placed in a vacuum-sublimation line previously 
outgassed at 400—500°. The first sublimation was carried out at 155—160° and the four 
successive sublimations at 90—100°. Only a trace of residue remained from the first sublim- 
ation. The chloride was finally transferred by vacuum-sublimation to small ampoule tubes. 
The apparatus described in Part I (/oc. cit.) was used with the additions shown in Fig. 3. The 
open tube H was fitted with the rubber attachment J containing the weighed ampoule which 
was cleanly marked with a glass knife. The apparatus was evacuated and flamed for some time, 
then a stream of dry nitrogen, produced from liquid nitrogen and passed through a liquid nitrogen- 
cooled trap, was allowed into the apparatus. The ampoule was broken in the rubber tubing 
and dropped into D; I was removed and H quickly sealed while still in the nitrogen stream. 
The apparatus was evacuated immediately and, apart from bulb D, reflamed. Cyanogen 
chloride was distilled in from A, and the apparatus sealed at E. The cyanogen chloride was then 
fractionated as before into D, where the solution was prepared and poured into the cell for 
measurement. The cyanogen chloride was removed and weighed after the experiment by placing 
rubber tubing over one of the capillary seals between G and H and distilling the chloride off into 
a weighing bottle (IIIb) after the seal had been broken. The tap on this weighing bottle had a 
clamping arrangement which held the pressure generated by the cyanogen chloride at room 
temperature. By using the capillaries (C) part of the cyanogen chloride could be distilled off and 
a more concentrated solution produced. The results are given in Table 2. 
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No allowance was made for the volume of vapour in calculation of concentrations, since this 
is roughly balanced by the retention of some cyanogen chloride by the aluminium chloride when 
the former is removed for weighing. For example, the volume of apparatus unoccupied by the 
solution is about 40 ml., which corresponds to 65 mg. of cyanogen chloride at 0° (v.p. ~450 mm.). 
The weight of aluminium chloride taken (50--100 mg.) would retain 35—-70 mg. of cyanogen 


TABLE 2. Conductivities of aluminium chloride solutions in cyanogen chloride. 
Concn. (C), Temp. 10#(Ax«/AT) Concn. (C), Temp. 


moles/100g. 10% — (T) 1000x/C moles/100g. 10%  (T) 1000«/C 

00159 (1)* 1-226 0-0° . . 0-0264 (3) 1-928  0-0° 73-1 
1-296 ; . 0-0442 (4) 3-064 0-0 69-4 

0-0249 (2) 1-867 . . . 0-0967 (5) 5-08 0-0 52-6 
1-973 


* Nos. 2, 4, and 5 were obtained in a single experiment. 


chloride (the compound remaining at room temperature being assumed to be AICI,,1-5CNCI). 
The plot of equivalent conductivity against concentration is roughly linear, so the approximate 
value of equivalent conductivity at infinite dilution is 82 at 0°. The temperature coefficients 
of conductivity hardly vary with concentration, so the equivalent conductivity—concentration 
curves at different temperatures will be roughly parallel. After these determinations, the value 
of the solvent conductivity was redetermined, since the same solvent was being used. The value 
obtained at 0° was 1-60 x 10-6, in good agreement with the equilibrium value of 1-47 x 10* 
obtained previously. 

Aluminium bromide. The bromide was prepared by direct union of the elements, and 
distilled from excess of aluminium as a colourless liquid. Final purification was by vacuum- 
sublimation. The procedure was then the same as with aluminium chloride solutions. The 
temperature coefficient (see Table 3) was about the same as with aluminium chloride solutions 
but the conductivity values were lower. Again the equivalent conductivity—concentration 
curve was roughly linear and almost parallel to the chloride curve. The equivalent conductivity 
at infinite dilution was 74. 


TABLE 3. Conductivities of aluminium bromide solutions in cyanogen chloride. 
C,moles/1000g. 108« Temp. 1000«/C C, moles/1000 g. 10°x Temp. 1000x/C 
0-0170 1-167 0° 68-5 0-0334 2-120 0° 63-5 
1-237 10 72-8 0-0814 4-005 0 49-2 
Ferric chloride. Chlorine, dried by passing through concentrated sulphuric acid and phos- 
phoric oxide, was passed over heated iron wire. The ferric chloride sublimed to the cooler part 
of the tube, whence it was resublimed in a stream of chlorine and sealed in the tube. For 
purification the sample was sublimed in vacuo, first at 250°, then at 150—180°. Iridescent green 
crystals remained. The conductivity (see Table 4) was determined as described above. The 
equivalent conductivity—concentration curve was non-linear. The extrapolated equivalent 
conductivity at infinite dilution was ca. 82. 


TABLE 4. Conductivities of ferric chloride solutions in cyanogen chloride. 
C, moles) 10(Ax/A7) C, moles) 10*(Ax/AT) 
1000 g 10°%« Temp. Rieaie 1000«/C 1000 g. 105x Temp. Mme 1000«/C 
0-0292 1-91 0-0 8-9 65-4 0-0518 2-85 0-0° — 55-0 
2-08 9-6 — 71-2 0-127(3) 4-38 0-0 6-2 34-4 
4-66 10-0 —_ 36-6 
Arsenic trichloride.’ The trichloride was purified by vacuum distillation in an all-glass appar- 
atus. The values shown in Table 5 were obtained at 0° (x,, the conductivity of the solvent, was 
taken as 1-60 x 10). The rough value for the equivalent conductivity at infinite dilution 
was 0-12. 
TABLE 5. Conductivities of arsenic trichloride solutions in cyanogen chloride. 
C, moles/1000 g. 10% Equiv. conductivity, 1000 (« — x,)/C 
0-0154 4-60 0-195 
0-0577 9-78 0-142 
Electrolysis in Cyanogen Chloride Solutions —The apparatus, shown diagrammatically in 
Fig. 4, was used as follows. Cyanogen chloride was distilled into A and weighed. The weighed 
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flask was attached to the apparatus which contained the solid sample and magnetic hammer in 
B, and the whole apparatus evacuated through T,. The contents of B were sublimed into C 
after the ampoule had been broken, and B was sealed at the constriction. The cyanogen chloride 
was then distilled into C, and the constriction a sealed. The solution was made in C which could 
be rotated freely about F. Finally, the solution was poured in the cell and the last seal made at /. 
The solution was electrolysed at 20—40 ma at 0°, the amount of electricity being measured by 
a copper coulometer in series. At the end of electrolysis the wide-bore tap T, was closed, and 
the gas sample sealed off. Samples of the electrolyte were poured into the calibrated tubes 
E and D. The solvent was removed in vacuo, and the solid remaining was analysed for the 
particular metal. The electrodes were also weighed before and after the experiment. 
Electrolysis of aluminium chloride solution. Platinum cylinder electrodes were employed. 
At the end of the electrolysis the liquid in the anode was yellow and separated by a sharp 
boundary from the remaining brown solution. The original solution was colourless. Two 
samples were removed from each electrode chamber. The volume of samples was 21-0 ml., and 
the residual volume 8-9 ml. The aluminium content was determined as alumina after dissolu- 
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tion of the dried samples in hydrochloric acid and precipitation as aluminium hydroxide. The 
values obtained by the passage of 0-00876 F were : 
Concn. Concn. Concn. 
(mg. Al/ml.) (ing. Al/ml.) (mg. Al/ml.) 
Original solution... 10-87 Anode sample 1 ... 9-78 Cathode sample 1 8-62 
” WF see 11-57 “ 2 8-92 

The cathode lost 5-3 mg., and the anode 0-9 mg. in weight. A gas evolved at the cathode 
was shown to be cyanogen chloride, possibly produced by local heating. The molecular weight 
of the gas, determined by Regnault’s method in a calibrated bulb, was 61-6 (Calc. for CNCI : 
61-5). The absence of chlorine was indicated by the fact that the mercury in the manometer 
was unattacked, and the absence of cyanogen by the absence of cyanide after alkaline hydrolysis. 
(Sufficient time was allowed for complete hydrolysis.) 

The cyanogen chloride was confirmed by measuring the amount of sodium hydroxide needed 
for hydrolysis, and the amount of chloride formed. The possibility that cyanogen and chlorine 
were formed in equal amounts and recombined in the presence of aluminium chloride was unlikely, 
especially since no gas was evolved at the anode. 

Therefore electrolysis of aluminium chloride in cyanogen chloride leads to transport of 
aluminium in ananion. If this anion is singly charged and the transport number is assumed to 
be 0-5, then the amount of current passed could transfer 118 mg. ofaluminium. The approximate 
weight of aluminium transferred, 58 mg., is the product of the electrolyte volume and the mean 
difference in the electrode chambers. The change in colour on electrolysis and the large amount 
of yellow water-insoluble solid left on removal of solvent showed that further reactions were 
taking place. The possibility of ionic polymerization, for example, cannot be disregarded. 

Electrolysis of ferric chloride solution. (i) With platinum electrodes. The figures obtained 
in a transport experiment were as shown below. The iron was determined, after dissolution in 
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sulphuric acid and reduction, by potassium permanganate standardized against iron wire. A 
gas sample (M, 61-4) again proved to be cyanogen chloride. The cathode and anode lost 0-1 
and 1-0 mg., respectively. 
Concn. Concn. Concn. 
(mg. Fe/ ml.) (mg. Fe/ml.) (mg. Fe/ml.) 
Original solution... 6-94 Anode sample 1 ... 6-76 Cathode sample 1 5-64 
‘ Bolen 6-93 ‘a 2 6-94 

These results are not as definite as with the aluminium chloride since all the concentrations 
found were no greater than that of the original solution. About 6 ml. of solution were not 
analysed. This includes the lower layer of the anode which would be above the original con- 
centration if the trend for increase in concentration with depth, found in all these experiments, 
were maintained. No iron was deposited on the electrodes. 

(ii) With silver electrodes. Long silver cylinders whose ends were well above the electrolyte 
level were used. They were silver-soldered to tungsten wires sealed through Pyrex tubing. 
In this experiment an attempt was made to account for all the iron, although the nature of the 
electrode deposits only allowed of semi-quantitative observations. 

Passage of current reduced the intense red colour around the cathode, and as electrolysis 
proceeded a sharp boundary appeared. The liquid at the cathode went through yellow to 
colourless, and that at the anode also became lighter in colour although it was still dark red at 
the end of the experiment. A white deposit settled on the anode at the red—colourless interface, 
but only traces were carried over into the anode compartment. The deposit at the cathode was 
almost black. When the solution at the cathode became almost colourless gas evolution com- 
menced. The current passing through the cell decreased throughout the experiment from 40 ma 
at 50 v to 15 ma at 230v. Analysis of solution samples gave the following values. These alone 
showed that depletion of iron at the cathode was not due to transport to the anode, and this was 
confirmed by the following analysis. 

Concn. Concn. Concn. 
(mg. Fe/ml.) (mg. Fe/ml.) (mg. Fe/ml.) 
Original solution... 11-35 Anode sample 1 ... 3-79 Cathode sample 1 0-31 
Tes 8-42 * 2 0-23 


” 


The cathode deposit was carefully scraped off, after removal of solvent from the remaining 
solution (5:7 ml.) in vacuo. The black solid was dried at 120° to remove traces of cyanogen 
chloride, and then extracted with ammonia to remove silver chloride carried over from the anode 
(this amounted to 2-3%). Chloride was determined by adding silver nitrate, and the iron in 
the ammonia-insoluble residue dissolved in sulphuric acid and titrated with permanganate after 
reduction. This titration was not satisfactory as the end-point faded, so it had to be checked 
gravimetrically. This fading may have been due to oxidation of paracyanogen present. The 
distribution of iron was as follows : 

Anode limb : Vo 
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Remainder, including tap bore 3: -27 (mean of 1 and 2) 
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Total = 283 mg. 


The iron introduced as ferric chloride was 300 mg., in good agreement with the above value 
in view of the difficulty of quantitative transfer of electrode deposits. 

The transfer of iron to the cathode limb was also shown by comparison of the original and 
final iron contents. The agreement between the gain and loss of iron was a confirmation of the 
above analysis. 

: Cathode Anode 
Original content Of WO (ORB) 606s. fos 68885 2s cones cee ees 140 
Final i et stugédbcchebcsmrvlerevavesetse 198 
Change in = - SMa DASNOR Vek RANE DY wn denia 58 

Irom the figures for the cathode deposit analysis (AgCl, 2-3; Cl, 30-8; Fe, 34:1%) it can be 

seen that Fe/Cl 1/1-42, and hence the deposit must have contained some free iron. There 
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was also a residue of 33% which, by its solubility in concentrated sulphuric acid and reprecipit- 
ation as a black powder on rendering the solution alkaline, was probably paracyanogen. The 
gas collected, although consisting mainly of cyanogen chloride, contained a small proportion 
of cyanogen (M, 61-0; positive test for cyanide on alkali hydrolysis). The cathode lost only 
20 mg. in 9-5 g. after all the deposit had been cleaned off with dilute ammonia. The anode 
deposit was analysed similarly (AgCl, 79%; Fe, 8-2 = FeCl,, 24%). The absence of cyanide 
was shown by heating the solid, which would decompose any silver cyanide to silver, and testing 
the residue for silver after extraction of silver chloride with ammonia. The anode was also 
cleaned with ammonia and the loss of silver was found to be 539 mg. The attack was over the 
area of deposit. 

The 0-1390 g. of copper deposited in the coulometer was equivalent to 472 mg. of silver, in 
rough agreement with the silver converted into silver chloride. Hence the net result of 
electrolysis was deposition of iron and formation of cyanogen and its polymer at the cathode, 
and liberation of chlorine at the anode. 

Electrolysis of an antimonic chloride solution. A qualitative experiment using a platinum 
cathode and a silver anode showed that chlorine was formed at the anode and cyanogen at the 
cathode. The cell was smaller than that described, because the pentachloride had only a 
limited solubility in cyanogen chloride and the electrodes had to be closer together. The use of 
different electrodes was necessary because of mixing of the electrode deposits. The silver chloride 
formed could only have come from the anode. 

Reactions of Cyanogen Bromide with Aluminium and Stannic Bromides——10 Ml. of an 8% 
solution of cyanogen bromide in light petroleum (b. p. 60—80°) (dried by distillation from 
P,O;) gave an immediate precipitate on addition to a solution of 1 g. of aluminium bromide in 
light petroleum. Further additions of cyanogen bromide gave no more precipitate. The 
deposit was filtered off in a closed apparatus protected from atmospheric moisture, washed with 
light petroleum, and dried in vacuo. Aluminium was determined as its oxide, bromine as silver 
bromide after decomposition with sulphurous acid, and cyanogen bromide by titration in acid 
solution with thiosulphate (Found: Al, 7:22; Br, 85-2; CNBr, 28-7. CNBx,AlBr, requires 
Al, 7:24; Br, 85-8; CNBr, 28-5%). The same compound was precipitated when diethyl ether, 
or, less satisfactorily, when carbon tetrachloride or ethylene dibromide solutions were used. It 
was soluble in ethanol, nitromethane, and nitrobenzene. It darkened at about 90° and melted 
at 119—120° to a dark brown liquid. 

Stannic bromide gave no precipitate under the above conditions. 

Conductivities of aluminium and stannic bromides in cyanogen bromide. The conductivity 
cell was connected to a mixing flask and ampoules of cyanogen bromide and the other bromide. 
The former ampoule was broken magnetically, and its contents were distilled 1x vacuo into the 
mixing flask, where it was melted and poured into the cell. After the solvent conductivity 
had been checked, the second ampoule was broken, and both halides were distilled into the 
mixing chamber, whence the solution was poured into the cell. 

When 1-58 moles of aluminium bromide per kg. of solvent were used, dissolution was in- 
complete. The conductivity increased from 3-6 x 10° at 56-4° to 8-3 x 10-3. A more dilute 
solution (0-0111 mole/kg.) which was only slightly brown gave a specific conductivity of 9-55 x 
10-4 and an equivalent conductivity of 83 after allowance for solvent conductivity. 

Stannic bromide gave a colourless solution in cyanogen bromide. The conductivity of a 
solution of 0-0276 mole/kg. of solvent fell rapidly to 2-53 x 10-8 at 55-8° and remained steady 
for a few hours although the solution became yellow. The value increased to 5-0 x 10° after 
one day. 

Attempts to prepare Cyanogen Fluoride and its Derivatives.—Cyanogen chloride was heated in 
sealed tubes or continuous-flow systems with ZnF,, HgF, PbF,, and SbF, at 150—250°. The 
main effect was to polymerize the cyanogen chloride. The gases isolated were chiefly carbon 
dioxide and silicon tetrafluoride. A nitrogen-containing gas, isolated when mercurous fluoride 
was used, was traced to small amounts of nitrate remaining from the preparation of the fluoride. 

Reaction of cyanogen chloride with aqueous silver fluoride solutions gave carbon dioxide. 
Although precipitation of silver chloride was immediate, it was only reasonably complete in 
10 hr. in neutral solution. The hydrolysis of cyanogen chloride in this time is approx. 20% 
(Eden and Wheatland, J. Soc. Chem. Ind., 1950, 69, 166). The gas evolved on heating was 
mainly carbon dioxide (M, 43-5; CO, content 95% determined with standard barium hydroxide 
solution). 

Reactions with Bromine Tvifluoride.—Cyanogen bromide or iodide and excess of boric oxide 
gave white solids, which retained most of the nitrogen, when treated with the trifluoride in the 
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usual way (Woolf, Joc. cit.). In order to test for carbon in these compounds, potassium was 
vacuum-distilled at 400° into suitable tubes. The compound and potassium fluoride were 
added, and the evacuated tubes heated at temperatures varying from 200° to 400°. No free 
carbon was formed, and no cyanide could be detected in the hydrolysate even by the sensitive 
Aldridge test (Analyst, 1945, 70, 474). Thermal decomposition of the compounds with potassium 
fluoride yielded mainly nitrogen trioxide and traces of nitrogen- and fluorine-containing gases. 
(These gases could have been formed by the attack of NOF and NO,F on glass at the temper- 
atures used.) 

Analysis of a product from cyanogen iodide showed it to be an equimolecular mixture of 
nitrosyl and nitryl fluoroborates (Found: N, 11:25; F, 61-1. Calc. for NOBF, + NO,BF,: 
N, 1l-1; F, 61-7%). 0-0706 g. of the compound, after dissolution in water and oxidation of 
nitrite to nitrate with potassium permanganate and dilute sulphuric acid, gave 0-428 g. of a 
nitron precipitate (Calc. for above equimolar mixture: 0-434 g.). The variation of fluorine 
content from 60-7 to 62-6% in different experiments corresponded to nitrosyl/nitryl ratios of 
(-82—2-22. The nitrogen retention varied from 63 to 70% with cyanogen iodide, and was 
around 50% with cyanogen bromide. Similar results were obtained with vanadium and phosphorus 
oxides in place of boric oxide. Hexafluoro-vanadates and -phosphates were formed. With 
antimony salts the results were more complex. The products contained bromine, presumably as 
SbF,,BrF, (Woolf and Emeléus, J., 1949, 2865). The amount of bromine in the products 
increased with the volatility of the cyanogen halide used. With stannous chloride or stannic 
fluoride and cyanogen bromide only the decomposition products of SnF,,2BrF, could be isolated. 

Ionisation in Organic Solvents.—Conductivities of cyanogen bromide and aluminium bromide 
in benzene. ‘‘ AnalaR’’ benzene, purified by fractional freezing, was distilled from calcium 
hydride on to weighed ampoules of cyanogen bromide or aluminium bromide. Solution was 
effected by passage of dry nitrogen, and the solution blown over into the conductivity cell. 
Precautions taken included use of dry nitrogen evolved from the liquid, and avoidance of all 
grease and ingress of moisture. Resistance was measured on a D.C. circuit using a 120-v dry 
battery and a galvonometer. The results obtained were that a 0-0936m-solution of cyanogen 
bromide had a conductivity of 2-5 x 10-*, a 0-0217M-solution of aluminium bromide one of 
0-82 x 10°. Titration of an aluminium bromide solution with one of cyanogen bromide did 
not alter the conductivity; the final value did not exceed 1-7 x 10°. 

Reactions with Silver Perchlorate-—The salt was prepared by dissolving silver oxide in per- 
chloric acid and evaporation at 120° (Found: Ag, 51-5. Calc. for AgClO,: Ag, 52-0%). 

Cyanogen chloride. Equivalent amounts of the perchlorate and cyanogen chloride were 
kept in benzene. The chloride was measured out by volume and condensed into a small ampoule 
broken by shaking in the flask. The benzene was distilled from phosphoric oxide directly on 
to the silver perchlorate. No precipitate appeared after 7 days. The experiment was repeated 
in nitrobenzene solution with the same result. 

Cyanogen bromide. Similar experiments gave no precipitates after 10 days. 

Cyanogen iodide. Separate solutions of silver perchlorate and cyanogen iodide in benzene 
were mixed. Immediate precipitation occurred. The precipitate was heated at 100° in vacuo 
to remove ICN; the residue was a mixture of silver perchlorate, silver cyanide, and some 
cyanogen iodide. No silver iodide was formed. 

The reaction with the solvent was examined after a mixture had been refluxed for 12 hr. 
The benzene layer was washed with sulphurous acid, then with water, and dried (CaCl,). On 
distillation, iodobenzene was recovered in 17% yield (b. p. 186°, uncorr., d?® 1-825. Cf. PhI, 
b. p. 188°, d}®* 1-832; PhCN, b. p. 191°, d 1-01). 

Reaction of Double Hatides with Benzene.—2CNCI,TiCl,. Most of the compound dissolved 
on boiling. On cooling, yellow crystals appeared. After 3 hours’ refluxing the solution was 
poured into water, and the clear solution extracted with ether, dried (CaCl,), and distilled. No 
phenyl cyanide but cyanuric chloride was isolated. The experiment was repeated with addition 
of calcium carbonate to remove any acid formed. Again, no cyanogen substitution compound 
was formed. 

CNCLAICI,. This formed cyanobenzene only after refluxing. A slight reaction took place 
in the cold. 

CNBr,AIBr,. The compound (2-9 g.) was refluxed with benzene (15 ml.). The residue was 
decomposed with water (15 ml.), extracted with ether, dried, and distilled, 0-22 g. of cyano- 
benzene being isolated (yield 27%). 2-8 G. of the compound and 8 ml. of benzene, refluxed with 
35 ml. of nitromethane, gave a 50% yield. 

l’viedel-Crafts reactions. Cyanogen iodide (0-2 mole) and aluminium chloride (0-2 mole) 
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were refluxed with 150 ml. of benzene. A heavy precipitate remained after 9 hours’ heating. 
The residue was poured into sulphurous acid, washed with sodium carbonate solution, then 
water, and dried. On distillation, crude iodobenzene (b. p. 187°) was recovered in 83% yield, 
some of which was redistilled under reduced pressure for measurement (Found: d}’ 1-834, 
ny 1-620; cf. PhI, di** 1-832, njf* 1-6214). When an equivalent amount of iodine (36 g.) was 
used only 8 g. of crude iodobenzene were isolated (yield 30%). 

Competition reactions. Acetyl bromide (0-05 mole), cyanogen bromide (0-05 mole), and 
aluminium bromide (0-06 mole) were refluxed with benzene. The residue was decomposed with 
water, extracted with ether, dried, and distilled. All the distillate above 100° was collected. 
Analysis showed absence of nitrogen. 

Bromobenzene (0-05 mole), cyanogen bromide (0-05 mole), benzene (0-05 mole), and alumin- 
ium chloride (0-10 mole) were refluxed with carbon disulphide as diluent. After treatment as 
above, the distillate above 150° contained N, 6-4%, equivalent to a mixture of 47% of cyano- 
benzene and the rest isopropylbenzene, if these were the products. No fraction corresponding 
to the latter (b. p. 153°) could be isolated, but the results show that roughly. 38% of nitrogen 
from the cyanogen bromide enters the organic molecule. 


This work was carried out during the tenure of a Turner and Newall Fellowship. The 
author is indebted to Dr. F. Fairbrother for advice and encouragement. 
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The Heats of Combustion of Pyridine and Certain of tts Derivatives. 


By J. D. Cox, A. R. CHALLONER, and A. R. MEETHAM. 
[Reprint Order No. 4524.] 


Precise measurements have been made, by means of a bomb calorimeter, 
of the heats of combustion of very pure samples of pyridine, the three 
picolines, and 2: 5- and 2: 6-lutidine. The products of combustion were 
analysed quantitatively, the heats of combustion per mole being calculated 
from the amount of carbon dioxide formed in the reaction. 


DuRING the past two decades, precise measurements have been made of the heats of 
combustion of a large number of organic compounds, notably hydrocarbons; but such data 
are lacking for many classes of oxygen- and nitrogen-containing compounds, such as 
pyridine bases, several of which now have important commercial applications. Although 
several measurements have been made of the thermochemical properties (including the 
heat of combustion) of pyridine itself, there is little reliable information on its alkyl deriv- 
atives; this is probably due to the difficulty of freeing the pyridine bases from congeners or 
water. However, the isolation and characterisation of the coal-tar bases is being intensively 
studied at the Chemical Research Laboratory, and as part of this programme we have 
measured the heats of combustion at 25° of pyridine, the three picolines, and 2: 5- and 
2: 6-lutidine. It is hoped eventually to determine the standard entropies of these com- 
pounds, and with the aid of the enthalpies of formation from the present work to 
calculate their free energies of formation. 

Considerable difficulty was experienced in freeing the bases from traces of water (cf. 
Coulson, Hales, and Herington, /J., 1951, 2125) and in sealing them in ampoules without 
ingress of moisture. For this reason it was decided to analyse the combustion products and 
to calculate the heats of combustion per mole from the amount of carbon dioxide formed 
rather than from the amount of liquid burnt. 


EXPERIMENTAL 


Materials.—The pyridine bases were prepared at the Chemical Research Laboratory by 
methods to be described elsewhere. The purities, in moles %, were determined by the freezing- 
point method (Herington and Handley, /., 1950, 199) to be as follows : pyridine, 99-85 + 0-07; 
a-picoline, 99-93 + 0-04; §-picoline, 99-97 + 0-02; y-picoline, 99-91 + 0-05; 2: 5-lutidine, 
99-85 + 0-07; 2: 6-lutidine, 99-80 +- 0-10. The chief residual impurity was water. Traces of 
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related pyridine bases were probably present but hydrocarbons were absent. The sulphur 
content of all samples used was less than 10 p.p.m. The liquids were sealed, without being 
weighed, in glass ampoules of average mass 0-2 g. (ca. 0-13 g. without the capillary). The 
ampoules, of the type described by Richards and Barry (J. Amer. Chem. Soc., 1915, 37, 993), 
were blown from soda-glass tubing in a simple mould and had an approximately constant internal 
volume of 0-85 c.c., equivalent to ca. 0-8 g. of liquid; the ampoules were filled as completely as 
possible, only a small bubble of air being left in the capillary side-arm. It was found advantageous 
to anneal the ampoules after their removal from the mould in order that, when filled and sealed, 
they should better withstand the 30 atm. pressure to which they were subjected in the bomb ; 
ampoules which had not been annealed sometimes shattered when subjected to pressure (cf. 
Aston, Rock, and Isserow, J. Amer. Chem. Soc., 1952, 74, 2484). 

The Bomb Calorimeter.—Two steel bombs, with separate inlet and outlet valves, were used ; 
their internal volumes were 0-277 1. and 0-297 1. severally. Each contained a rubber O-ring 
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and a fibre bush for the insulated electrode, but these combustible materials were shielded from 
direct radiation of the flame and suffered no observable change during an experiment. 

The ampoule was placed at the bottom of a platinum crucible (2:5 cm. in diam. and 1-5 cm. 
deep) supported in the middle of the bomb. Above it, about 2-4 cm. of 35 S.W.G iron wire 
(previously weighed) was held by platinum leads 0-5 mm. in diameter which were attached to 
two electrodes. 1 G. of distilled water was placed in the bottom of the bomb. Five times, 
oxygen at 5 atm. pressure was admitted to the bomb and released to the air; a trial experiment 
had shown that 0-95 g. of water now remained in the bomb. The bomb was finally filled with 
oxygen to 30-6 atm. This oxygen had been purified by passage, at 100 atm. pressure, over 
copper oxide at 500° then over ascarite in a steel apparatus similar to that described by Prosen 
and Rossini (J. Res. Nat. Bur. Stand., 1941, 27, 289). By closing for about one second a tapping 
key which connected 6 v across the iron wire, the ampoule was opened and the liquid ignited. 
The electrical energy of ignition was 0-5—0-7 3. On one occasion the residue from the burning 
of the iron wire was examined by X-ray diffraction; it was found to consist entirely of «-Fe,O3. 

The calorimeter is shown simplified in the Figure. The two stirrers, propellers in tubes, rotat- 
ing at constant speed, drove the water turbulently throughout the calorimeter. The upper 
bearings of the stirrers were in thermal contact with the outer jacket, each stirrer shaft passing out 
of the lid through a thin copper-nickel connector and an oil seal, half filled with clock oil. A third 
oil seal was attached to the centre of the lid. The dimensions of the seals were such that the 
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materials inside the calorimeter could expand without the escape of air. The evaporation of water 
from the calorimeter was thus completely prevented. A 10Q heater of manganin wire wound on 
mica, in a copper sheath filled with silicone oil, was permanently attached to the lid of the calori- 
meter, the heating coil being well immersed in the water. The lid was dried and weighed before 
each experiment to check that there had been no loss of oil. A small manometer could be fitted 
to the lid to test whether the calorimeter was air-tight. The main parts of the calorimeter and 
lid were of rhodium-plated brass, 1-6 mm. thick. 

After the bomb had been prepared and put in position, the calorimeter was filled with dis- 
tilled water until the air space at the top was about 100 c.c. (0-6 cm. x 180 cm.?). The mass of 
the calorimeter including the lid, but with rubber bungs in the thermometer holes, was adjusted 
by adding water to a total of 10,340 g. (bomb I) or 10,440 g. (bomb II); weighings were 
reproducible to +0-005 g. 

A double-walled jacket, 2-5 cm. thick and rhodium-plated on the inside, completely enclosed 
the calorimeter with an air gap of 1 cm. between the two vessesls. Internal partitions in the 
jacket made a labyrinth through which water from a constant-temperature bath was pumped. 
During an experiment the temperature of the jacket, as measured by multiple thermo-junctions 
immersed in the water, remained steady to within +0-002°. The jacket was enclosed by thermal 
insulation of low heat capacity, and the whole assembly was kept in a room the temperature of 
which was controlled at 22° + 0-1°. 

Two thermometers were immersed in the calorimeter. The first, a platinum resistance 
(Gittings, J. Sci. Instr., 1951, 28, 238), was used in energy-equivalent experiments to measure 
the initial and final temperatures and in calibrating the second thermometer, of multiple thermo- 
junctions, which was used in combustion experiments and in following the rise of temperature 
in electrical-heating experiments. The second thermometer comprised 15 copper-constantan 
junctions in a silver sheath, the cold junctions being immersed in pure melting ice. Its 
sensitivity was approximately 600 uv/deg. c, and the e.m.f. was measured with a Diessel- 
horst potentiometer to the nearest 0-1 uv. The working range of the calorimeter was 23—25° 
with the outer jacket at 24°. Its energy equivalent in this range, in closely repeated conditions, 
was determined by dissipating an accurately measured amount of electrical energy in the man- 
ganin heating coil and found to be 17,202 -- 3 (bomb I) or 17,218 + 3 (bomb II) absolute joules 
per deg. c. In electrical-heating experiments the platinum thermometer was used, with a 
method of correcting the temperature rise for heat transfer, to be described elsewhere as part of 
a full account of the calorimeter. Observations made at the same time with the second thermo- 
meter were corrected by a simpler method (Dickinson, Bull. Bur. Stand., 1915, 11, 189); a factor 
was then found for converting the rise in e.m.f. to the rise (°c) observed with the platinum 
thermometer. 

Units and Auxiliary Quantities.—The energy equivalent of the calorimeter, and hence the 
heats of combustion, were measured according to international agreement in joules (Griffiths, 
Proc. Inst. Mech. Eng., 1951, 164, 215). Conversion to ‘‘ thermochemical’’ calories was made by 
the relation: lcal. = 4:1840abs. joules. Weights calibrated at N.P.L. were used, and molecular 
weights were calculated from the 1951 International Table of Atomic Weights. The heat of 
formation of 0-7N-nitric acid (the average concentration of nitric acid in the bomb liquid) from 
nitrogen, oxygen, and liquid water was taken as —58-6ky/mole. The heat of combustion of iron 
to ferric oxide was assumed to be —6-73/mg. The heats of formation of water (liq.) and carbon 
dioxide (gas) were taken to be — 285-840 and —393-513 ky/mole respectively; all these heat 
values were obtained from N.B.S. Circular 500. 

The Standard-state Correction.—It has long been customary in precise bomb calorimetry to 
attempt to convert the heat measurement actually made (mAU,) to the more useful quantity 
AU°¢, which represents the change in energy (at constant volume) for a “‘ pure ’’ combustion 
occurring isothermally at 25° with all participants in their standard states. In the case of the 
combustion of a compound C,H,O,N, the ‘“‘ pure’’ reaction is normally considered to be: 
C,H,O,Ng (liq. under 1 atm.) + }(4a + b — 2c)O, (gas, at 1 atm.) —» aCO, (gas, at 1 atm.) + 
$5H,0 (liq.,under 1 atm.) + 4dN, (gas, at l atm.). Washburn (J. Res. Nat. Bur. Stand., 1933, 
10, 525) gave an expression for making the correction from nAUg to nAU°¢ (the “ standard state ”’ 
or ‘‘ Washburn ”’ correction) for the combustion of a compound C,H,O,. Since no comparable 
expression for nitrogen-containing compounds appears to have been published, it was thought 
worth while to calculate the standard state correction for combustion of a compound C,H,O,Ny. 
The general method of calculation followed closely that of Washburn (loc. cit.) and need not there- 
fore be repeated. The treatment differed, however, in the following particulars: (i) A mean 
temperature of 25° was assumed instead of 20°. (ii) The presence of nitrogen in the gas phase 
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after combustion was allowed for in calculating Ap and x (see below for definition of symbols). 
The expression for the dependence of the internal energy of the nitrogen on its partial pressure 
was calculated from the data for air given by Rossini and Frandsen (ibid., 1932, 9, 733). (iii) 
The presence of nitric acid in the aqueous phase after combustion was allowed for in the calcul- 
ation of the water vapour pressure (Klemenc and Nagel, Z. anorg. Chem., 1926, 155, 257), the solu- 
bility of carbon dioxide in the aqueous phase, and the energy of vaporisation of carbon dioxide 
from the aqueous phase. Appropriate data were taken from “ International Critical Tables ”’ 
and from Mellor, ‘‘A Comprehensive Treatise on Inorganic and Theoretical Chemistry "’ 
(Longmans, London, 1947, Vol. VI, pp. 47—53). 

The total correction in joules to be added to nAU;, to give nAU°¢ was found to be as follows : 
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where a, b, c, and d are the subscripts in the molecular formula of the compound (C,H,O,Nq) ;_ 7 
is the number of moles burnt ; x is the mole-fraction of CO, in the gas phase after combustion; Ap 
is the change in total pressure brought about by the combustion, calculated as if the combustion 
had taken place isothermally at 25°; h is defined by the expression h = 1-7x(1 + %); p, is the 
pressure in the bomb (at 25°) before combustion; 8 is the number of moles of nitric acid formed ; 
¢ is the number of moles of oxygen giving rise to nitric acid plus ferric oxide; m, is the mass of 
water in the bomb before combustion; and V is the internal volume of the bomb in litres. 

It will be noted that d does not appear in the above expression. This is because the only term 
containing it explicitly was found to be negligible. However, d must be taken into account when 
v is calculated from the expression : 


In a series of combustions of any one compound, a, b, c, and d are constants and it is normal 
practice to keep ~,, my, and V constant also. If the mass of material burnt is kept the same 
(within +10%) during a series of experiments, x, ¢, 8, and Ap can likewise be considered as 
constants. The standard-state correction then reduces to the form: Bn, where B is a constant 
which can be calculated by substitution of appropriate values into the expressions given above. 

Analytical Methods.—The number of moles of compound burnt was calculated from the mass 
of carbon dioxide formed. For the determination of the latter and of carbon monoxide, a glass 
absorption train similar to that described by Prosen and Rossini (los. cit.) was used, the bomb 
being connected to the train by B7 metal joints. Carbon dioxide in the combustion product was 
absorbed by soda—asbestos packed in U-tubes which were fitted with taps and standard taper 
joints. The U-tubes were flushed out with hydrogen for 1 hr. before weighings were made, and 
the bomb was flushed through with oxygen for 2 hr. after the compressed gas had been released. 
The weighing technique and the method of correcting the weighings to a vacuum basis were 
based on the work of Rossini (J. Res. Nat. Bur. Stand., 1931, 6, 1,37). It was found in ‘“ blank”’ 
experiments that the U-absorbers remained constant in weight to within +0-0001 g. In the 
great majority of experiments, carbon monoxide in the combustion product amounted to less than 
0-0002 g. In about half of the experiments no soot was formed but in the remainder small patches 
of soot, of average mass 0-0002 g. (corresponding to ca. 0-03% of the total carbon), were found in 
the platinum crucible. 

The solution of nitric acid remaining in the bomb was rinsed out with distilled water and 
titrated with 0-1N-sodium hydroxide, a pH meter and glass electrode being used to determine 
the end-point. It was confirmed in one experiment in which the bomb gases were passed through 
a scrubber that no significant amount of nitric acid is lost from the bomb during the release of the 
compressed gas. The neutralised nitric acid solutions from several combustions of 2 : 6-lutidine 
were examined by ultra-violet spectroscopy; although traces of unburnt lutidine (corresponding 
to ca. 0-03% of the lutidine burnt) could be detected, no other compounds having absorption in 
the ultra-violet were present. On a number of occasions the bomb liquid was analysed for 
nitrite, cyanide, and ammonia and the bomb gas was analysed for nitrogen dioxide. In no case 
did any of these entities account for more than 0-1% of the nitrogen present. 
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Results.—In Table 1, ~nAUz, is the measured energy change for the reaction occurring in the 
homb, and —qdgxo, and —dy,,o, are corrections to be subtracted from —nAU;, to take account of 
the formation of nitric acid and ferric oxide respectively. The standard-state correction, —q,.. 


ran 


TABLE 1. Heats of combustion of six pyridine bases at 2! 


Mass of co, —nAUpzZ — HNO; —Fe.0, 3, —AU°¢ 
Compound formed (g.) 10°x (J) (J) ( ( (kJ/mole) 
Pyridine (C,;H,;N)............ 2-2466 10-209 28,559 5 j 2784-4 
2-4204 10-999 30,666 i 55 2775-5 
2-2140 10-061 28,101 2780-4 
2-3830 10-829 30,298 2785-1 
2-1696 9-860 27,526 5 5 f 2778-6 
2-1691 9-857 27,526 é 5 2779-3 
a-Picoline (C,H,N) 2-6292 8-570 29,392 3415-1 
2-4360 9-225 31,642 2 3415-8 
2-0727 7-849 26,975 3419-4 
2-3006 8-712 29,936 f 3421-8 
2-2382 . 29,071 ; 5i 5 3415-1 
B-Picoline (C,H,N) 2-1669 : 28,260 5: § 3429-1 
2-2623 . 29,494 3428-6 
2-3034 : 30,021 5 5é f 3427-0 
2-0659 . 26,913 Bi 3424-8 
2-1144 : 27,538 f 3424-0 
y-Picoline (C,H;N) 2-4436 f 31,747 5 3415-4 
2-3078 . 29,977 56 { Fj 3415-0 
2-1910 2 28,482 f 3417-6 
2-4304 9-2 31,551 j 3413-7 
2-3127 . 30,028 f 5 5 3414-4 
2: 5-Lutidine (C;H,N) ... 2-2506 7-305 29,710 é 4051-2 
2-2756 7-387 30,063 4054-7 
2-2810 40 30,145 f 4056-2 
2-2934 : 30,297 E PF 5 4054-7 
2: 6-Lutidine (C,H,N) ... 2*3689 686 31,208 é 5 5 4042-4 
2-3662 . 31,225 55 5 f 4049-1 
2-1546 “¢ 28,384 . 4042-2 
2-1933 “11s 28,912 5s { 4044-7 
2-2667 7°35 29,935 5i 53 4051-8 
2-2807 405 30,100 5! 52 4049-6 


is also to be subtracted from —nAUg. From the mean values of AU°g (Table 1) for the six 
compounds studied, the corresponding values of AH°¢ and AH”, (respectively the enthalpies 
of combustion and formation under standard conditions) were calculated; these are set out in 


Table 2. 


TABLE 2. Heats of combustion and formation at 25° of six pyridine bases (kcal./mole). 
Liquid state Gaseous state 


Compound AH°¢ t AH*, t 
Pyridine :vcesocesseghah «-g “f , 35° — 674-68 +33-63 
- PICOUMNG 621400 sdcwantees : , ‘ , — 827-80 + 24-38 
B-PICONGR © vndises ccssee 5 . “32 — 830-58 27-16 
y-Picoline |... ...sc.ecets. "25 + OL! . f — 827-85 +24-43 
2: 5-Lutidine ............ —968-98 + 0- —970-02 L 4-9% —981-46 415-67 
2 : 6-Lutidine ............. —967-16 + 0-37 — 968-20 2: —979-22 +13-43 

* This column gives also standard deviations of the mean; they apply also to the corresponding 
values of AH°g and AH’; for the liquid state. They measure “ reproducibility,’’ not “* accuracy ” 
which would be affected by systematic errors. 

t In the calculation of these quantities the assumption was made that the six compounds behave 
as ideal gases. If deviation from ideality could be taken into account, each value of —AH°%g and 
AH*°; would probably be reduced by ca. 0-5 kcal. but for purposes of intercomparison within this series 
of compounds, the errors in column * may be taken to apply to corresponding values of AH°¢ and 


AH*; for the gaseous state. 


DISCUSSION 


It is rather difficult to assess the systematic errors that must have occurred in the 
measurements, but they must include the following: (1) The method of estimating the 
number of moles of each sample burnt, from the yield of carbon dioxide, was examined for 
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systematic errors by applying it to known masses of benzoic acid (thermochemical standard, 
from the National Bureau of Standards). In four experiments the ratio of CO,(found) to 
CO,(calc.) was 1-0001, 0-9999, 1-0000, and 0-9997. The average 0-99992 + 0-00008 was 
not significantly different from unity and the systematic error was not likely to exceed 
0-016%. 

(2) Impurities were of the order of 0-1 mole %. They would introduce errors only if 
they burnt and yielded an amount of heat per mole of carbon dioxide formed different 
from that of the pure base. The most likely impurities, water and compounds isomeric 
with the base, would affect AH°, very slightly indeed. 

(3) Incomplete combustion could not have occurred without leaving visible soot or 
measurable carbon monoxide. From the amounts of these that were found, the maximum 
error due to incomplete combustion was estimated to be 0-013% ; the persistent component 
of this error would be less. 

(4) The calorimeter equivalent, determined electrically under conditions similar to 
those of combustion experiments, was found with a “ reproducibility ” error of 0-018%. 

(5) The systematic differences between an electrical heating and a combustion are still 
under investigation. They include differences in the rate at which the temperature of the 
calorimeter rises, and heat generated in the heater leads in the interspace between calori- 
meter and outer jacket. Preliminary results indicate that systematic errors from these 
causes do not exceed the “‘ reproducibility ” error of 0-018%. 

The systematic errors seem unlikely to add up to more than the average standard error in 
Table 2, 0-034%. One would then expect that, if independent determinations of the heats 
of combustion are made, they will fall within three times the standard errors quoted, 7.e., 
within 0-1°% of AH°g in Table 2. 

The heat of combustion of liquid pyridine has been measured by Constam and White 
(Amer. Chem. J., 1903, 29, 1) and by Delépine (Compt. rend., 1898, 126, 1794). Their 
results have been recalculated by Kharasch (J. Res. Nat. Bur. Stand., 1929, 2, 359) to be 
— 658-5 and —664-8 kcal./mole, respectively ; these values can be compared with the values 
of AH°¢ for liquid pyridine given in Table 2. It is seen that the value found in the present 
work is in good agreement with that of Delépine but in poor agreement with that of 
Constam and White. The latter workers also measured the heats of combustion of «-, 8-, 
and y-picoline and of an unspecified lutidine and found values of —815-2, —812-2, —815:8, 
and —968-0 kcal./mole, respectively (Kharasch /oc. cit.). The lutidine was probably the 
2 : 6-isomer as it was isolated from a y-picoline fraction of coal-tar origin (cf. Coulson and 
Jones, J. Soc. Chem. Ind., 1946, 65, 169). Constam and White’s result for lutidine is seen 
to be in good agreement with the result reported here. The agreement in the case of the 
picolines is, however, less good, and it seems probable that some of the samples used by 
Constam and White (notably that of 8-picoline) were rather impure, water and congeners 
being likely contaminants. It is noteworthy that Constam and White employed crystalline 
derivatives to “ purify ” their bases. Andon and Cox (/., 1952, 4601) have shown that the 
sample of f-picoline “ purified ” in this way by Flaschner (J., 1909, 95, 668) must in fact 
have been a mixture containing higher homologues of pyridine. 

The heats of formation of the six compounds in the gaseous state, shown in Table 2, 
were calculated by combining values of AH®, for the liquid state with latent heats of vaporis- 
ation at 25°. In the absence of equation of state data we have assumed that the bases 
behave as ideal gases. The latent heats were calculated from the very accurate vapour- 
pressure data of Herington and Martin (Trans. Faraday Soc., 1953, 49, 154), and although 
the measurements of these workers did not extend to 25° there is good reason to believe 
that the calculated latent heats at 25° will not be greatly in error. This belief is supported 
in the case of pyridine by the reasonable agreement between the value used here (9-68 kcal. / 
mole) and the value (9-48 kcal./mole) obtained by extrapolating Hieber and Woerner’s 
calorimetric measurements (Z. Elektrochem., 1934, 40, 252) to 25°. From Meulen and Mann’s 
vapour-pressure data (J. Amer. Chem. Soc., 1931, 58, 451), which cover the range —20° to 
+ 120°, and again with the assumption that the base behaves as an ideal gas, a value of 
9-85 kcal./mole is obtained. 

The increase in —AH®, (gas) between pyridine and 8-picoline, 156 kcal./mole, does not 
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differ significantly from the normal increase associated with a CH, group. £.g., Prosen and 
Rossini (J. Res. Nat. Bur. Stand., 1945, 34, 263) found a mean increment in — AH°, (gas) 
per CH, group of 157- 4 kcal., in the paraffin series; the increment in the alkylbenzene series 
is also about 157 kcal. (Klages, Chem. Ber., 1949, 82, 358). The substitution of a methyl 
group in the «- or the y-position of the pyridine ring, however, gives rise to an increase in 

-AH°« (gas) of only 153 kcal., while the data for 2 : 5- and 2 : 6-lutidine show that the in- 
crease brought about by substituting a methyl group into the «’-position of a picoline is only 
151 kcal. It would appear, therefore, that the pyridine ring exerts an appreciable influence 
on the heats of combustion of methyl groups attached to it at the «- or y-position. 

Pauling (“ The Nature of the Chemical Bond,” Cornell Univ. Press, New York, 1945, 
p. 137) has used Constam and White’s heat of combustion data to calculate the resonance 
energy of pyridine. He found a value of 43 kcal./mole, compared with 39 kcal./mole for 
benzene. If, however, the heat of combustion from the present work is used in conjunction 
with Pauling’s values for heats of atomisation and bond energies, the resonance energy of 
pyridine is found to be 35 kcal./mole. The compilations by Coates and Sutton (J., 1948, 
1187) and Klages (oc. cit.) lead to resonance energies of 21—31, and 22 kcal. /mole, respectively. 
It is thus seen that the heat of combustion from the present work apparently leads to a 
resonance energy of pyridine lower than that of benzene by up to 18 kcal./mole, whereas 
there is indirect evidence from other sources to suggest that the resonance energies of 
pyridine and benzene are in fact about the same (Syrkin and Dyatkina, “ Structure of 
Molecules,” Butterworths, London, 1950, p. 247; Albert and Willis, Nature, 1946, 157, 
341; Pauling and Schomaker, J. Amer. Chem. Soc., 1939, 61, 1769; Simonetta, J. Chim, 
physique, 1952, 49, 68). A likely cause of this discrepancy lies in the use of an erroneous 
value for the bond energy of the C—N group in the calculation of resonanceenergy. Coates 
and Sutton (loc. cit.) found 96—106 kcal. for this bond-energy term from a study of straight- 
chain compounds but no values are yet available for the C—N group in a six-membered 
ring. In view, however, of the lack of agreement as to the best system of bond energies to 
use in calculation of resonance energies further speculation is pointless. 

The standard entropy of pyridine has been determined calorimetrically by Pearce and 
Bakke (Proc. Iowa Acad. Sct., 1936, 43, 171) and by Parks, Todd, and Moore (/. Amer. 
Chem. Soc., 1936, 58, 398). In addition, Kline and Turkevich (J. Chem. Phys., 1944, 12, 
300) have calculated the entropy of gaseous pyridine at 25° from spectral data. The 
measurements by Parks, Todd, and Moore (loc. cit.), which appear to be reliable, lead to a 
value of — 65-0 cal./deg.-mole for the entropy of formation of liquid pyridine from its 
elements at 25°. Combination of this entropy with the enthalpy of formation from Table 2 
leads to a value of +-43-3 kcal./mole for the free energy of formation of pyridine at 25°. 


We are grateful to Drs. E. A. Coulson and E. F. G. Herington for their interest in this work. 
We also thank Messrs. D. A. Lee and H. A. Gundry for technical assistance. This work formed 
part of a joint programme of research by the Chemical Research Laboratory and the National 
Physical Laboratory and is published by permission of the Directors of the two Laboratories. 
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Chemistry of Indanthrone. Part IX.* NN’-Dthydro-1 : 2- 
diphthaloylphenazine. 
3y WILLIAM BRADLEY, Roy F. Malsey, and CoLin R. THITCHENER. 
[Reprint Order No. 4665.] 

Heating 2-nitro-] : 1’-dianthraquinonylamine (I; X = NO,) with sodium 
sulphide or acid stannous chloride affords NN’-dihydro-1 : 2-7 : 8-di- 
phthaloylphenazine (II). 2-Amino-]: 1’-dianthraquinonylamine (I; X = 
NH,) affords (II) with potassium hydroxide in pyridine-methanol. With 
sodium hydroxide an intermediate compound is formed. The cyclisation of 
2-nitro-1 : 2’-dianthraquinonylamine to NN’-dihydro-1 : 2-6 : 7-diphthaloyl- 
phenazine (III) is described. 


BRADLEY and THITCHENER (J., 1953, 1085) showed that a blue compound resulted when 
2-nitro-1 : 1’-dianthraquinonylamine (I; X = NO,) was heated with alcoholic sodium 
sulphide. This product has now been identified as NN’-dihydro-l : 2-7 : 8-diphthaloyl- 
phenazine (III). 

Reduction of 2-nitro-1 : 1’-dianthraquinonylamine with stannous chloride and acetic 
acid gave 2-amino-l : 1’-dianthraquinonylamine (I; X = NH,) together with the blue 
compound previously obtained by Bradley and Thitchener (loc. cit.). The amino- 
compound afforded (II) when heated in pyridine with methanolic potassium hydroxide, 
a reaction which is analogous to the formation of indanthrone from 2-amino-l : 2’-dianthra- 
quinonylamine in similar circumstances (Bradley, Leete, and Stephens, /J., 1951, 2158). 
There can be few other instances of so ready a direct substitution of an amino-group into 
an aromatic nucleus. The constitution of the product rests on the composition, mode of 
formation, and oxidation to a yellow azine with nitric acid (Bradley and Thitchener, Joc. 
cit.). In this last respect (II) resembles indanthrone. Both (II) and NN’-dihydro-1 : 2- 
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6 : 7-diphthaloylphenazine (III) are relatively strong acids; for this reason the inertness 
of indanthrone towards salt-formation with alkalis is most probably due to chelation of 
both imino-hydrogen atoms with neighbouring carbonyl groups (Robinson, J. Soc. Dyers 
Col., 1921, 37, 77). 

In the cyclisation of 2-amino-1 : 2’-dianthraquinonylamine to indanthrone a green 
intermediate product is formed when sodium hydroxide in pyridine is used as the 
condensing agent at the room temperature (Bradley, Leete, and Stephens, Joc. cit.). 2- 
Amino-] : 1’-dianthraquinonylamine behaves similarly and the green intermediate is 
transformed into (II) in hot pyridine. 

Whilst the cyclisation of o-amino-derivatives of dianthraquinonylamine to dihydro- 
phenazines is now well established, and the occurrence of an analogous reaction of 
o-nitroso-derivatives is probable (Bradley, Leete, and Stephens, /., 1951, 2163), less is 
known about the direct cyclisation of the corresponding o-nitro-derivatives. We have 
found that 2-nitro-1 : 2’-dianthraquinonylamine can be transformed into (III) by potassium 
hydroxide in hot dimethylaniline. It appears unlikely that the nitro-group is reduced 
before cyclisation occurs, but probable that the amine oxide (IV) is generated by 
dehydration and later decomposed. 2-Amino-] : 2’-dianthraquinonylamine cannot be an 

* Part VIII, J., 1953, 924. 
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intermediate in this reaction, for alkalis convert it into indanthrone, and if a nitroso- 
compound occurs its reaction with dimethylaniline should follow. 


EXPERIMENTAL 

Reduction of 2-Nitro-1 : 1’-dianthraquinonylamine.—The nitro-compound (1 g.) was prepared 
in a finely divided form by dissolving it in sulphuric acid, adding water, collecting the precipitate, 
and finally washing with acetic acid. It was then boiled for 10 min. with stannous chloride 
(2 g.) in glacial acetic acid (20 c.c.). On the addition of water a deep violet precipitate formed. 
This was collected, dissolved in hot trichlorobenzene, and chromatographed on alumina. Two 
main zones formed, viz., (A) deep violet and more mobile, and (B) blue and strongly retained. 
When extracted with pyridine, (A) afforded pale violet needles, m. p. 368° (Found: N, 6-4. 
C,,H,,O,N. requires N, 6-3%). 2-Amino-1: 1’-dianthvaquinonylamine afforded a_ bright 
yellow solution in concentrated sulphuric acid, and an orange solution in alkaline sodium 
dithionite. 

The blue zone (B), when extracted with pyridine, afforded a solid which showed the same 
reactions and light absorption in sulphuric acid as the product obtained by reducing the nitro- 
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compound with alcoholic sodium sulphide (Bradley and Thitchener, loc. cit.). The blue 
solution in pyridine gave a green potassium salt on the addition of 30% methanolic potassium 
hydroxide. 

Cyclisation of 2-Amino-1: 1’-dianthraquinonylamine. Formation of (II).—(a) On the 
addition of 30% methyl alcoholic potassium hydroxide to the violet solution of the amino- 
compound in pyridine and warming, a green, flocculent, potassium salt separated. This was 
collected and on addition to acetic acid it gave a blue product (Found: N, 6-3. C,,H,,0O,N, 
requires N, 6-3%) which showed the same reactions and light absorption in concentrated 
sulphuric acid as the product from zone (B). 

(b) On the addition of powdered sodium hydroxide to a solution of the amino-compound in 
pyridine at the room temperature a green solid was formed during several days. This product 
was collected; it dissolved in acetic acid with a green colour, changed to blue on the addition of 
an excess of pyridine. The isolated product showed the same reactions and light absorption 
in concentrated sulphuric acid as the product from zone (B). 

Cyclisation of 2-Nitro-1 : 2’-dianthraquinonylamine.—The nitro-compound (1 g.; prepared 
according to G.P. 581,439) was not changed by 5 minutes’ heating with dimethylaniline (30 c.c.) 
atthe b. p. On the addition of finely divided potassium hydroxide (10 g.) a dark blue solid was 
formed rapidly. This was collected after 20 minutes’ heating, washed with acetic acid, dissolved 
in 40 c.c. of concentrated sulphuric acid, and reprecipitated by addition to water. The product 
(0-7 g.) showed the same reactions and light absorption in concentrated sulphuric acid as NN’- 
dihydro-1 : 2-6: 7-diphthaloylphenazine prepared by reduction of 2-nitro-] : 2’-dianthra- 
quinonylamine with alcoholic sodium sulphide. 

Absorption curves are annexed. 
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Reduction of Anthraquinone Derivatives with Alkaline Dithionite. 
By WILLIAM BRADLEY and Roy F. MAIsEy. 
[Reprint Order No. 4715.] 


Extension of the work of Grandmougin and of Battegay and Hueber has 
shown that when excess of alkaline dithionite is employed the nature of 
the reduction product from anthraquinone derivatives is influenced by the 
kind and number of nuclear substituents. 1-Piperidino- and 1]-dimethyl- 
amino-anthraquinone afford derivatives of anthraquinol. 1-Amino-, I- 
methylamino-, 1-benzylamino-, 1-hydroxy-, 2-amino-, 2-ethylamino-, 2-di- 
methylamino-, and 1 : 5-diaminoanthraquinone give derivatives of anthrone. 
1 : 4-Diaminoanthraquinone gives ammonia and quinizarin as already re- 
ported. Generally only one form was readily isolable, even when two 
isomeric anthrones were possible in theory, and, except in the case of 1- 
hydroxyanthraquinone, it was the form having the substituent ortho or 
para to a carbonyl group. 2-Nitro-1 : 2’-dianthraquinonylamine undergoes 
fission with formation of 2-aminoanthr-10-one. 


THE introduction of sodium dithionite (hydrosulphite) and an alkali as a means of reducing 
anthraquinone to anthraquinol (Grandmougin, Ber., 1906, 39, 3561) was followed by the- 
recognition that the reduction could proceed further, anthrone being formed (Battegay 
and Hueber (Bull. Soc. chim., 1923, 33, 1097). In the present communication the effect of 
alkaline dithionite solutions on a range of anthraquinone derivatives is described. 

Both 1-dimethylamino- and 1-piperidino-anthraquinone were easily reduced by the 
reagent, deep red solutions resulting, and these remained unchanged even after prolonged 
heating with an excess of reagent. Aeration of the product quickly restored the starting 
material in good yield. In these instances the anthraquinols (I; R = NMe, or NC;Hy4p) 
were the end products of reduction. 

With 1 : 5-diaminoanthraquinone the end product was an anthrone (II). No ammonia 
was detected in this reaction. 1 : 4-Diaminoanthraquinone behaved otherwise: after its 
reduction to give a deep red solution ammonia was freely evolved and on aeration | : 4- 
dihydroxyanthraquinone was formed. The similar behaviour of 1l-amino-4-hydroxy- 
anthraquinone and some related aminohydroxy-compounds is recorded in G.P. 436,526, 
and the reduction of 1 : 4-diaminoanthraquinone to a dihydro-derivative which yields 
quinizarin when heated with an acid is described in G.P. 207,668. 
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o-thesiebidaslandiiiicailll was reduced to a relatively stable yellow anthrone. 
Oxidation in air regenerated 2-dimethylaminoanthraquinone, and treatment with acetic 
anhydride in pyridine gave the acetyl derivative of the enol form. The anthrone differed 
from 3-dimethylaminoanthr-10-one (Weitz, Annalen, 1918, 418, 30); it must therefore 
have been 2-dimethylaminoanthr-10-one (III; R = NMe,). 2-Ethylaminoanthraquinone 
similarly afforded a relatively stable anthrone (III; R = NHEt) which formed the 
N-acetyl derivative with acetic anhydride and sulphuric acid. 2-Aminoanthraquinone 
gave an anthrone, but this was too unstable in air to permit analysis. By analogy, it was 
2-aminoanthr-10-one (III; R= NH,). Acetylation with acetic anhydride and sulphuric 
acid gave the NN-diacety] derivative. 

1-Aminoanthraquinone afforded a relatively stable anthrone which gave a yellow 
N-acetyl derivative with acetic anhydride and sulphuric acid and a red derivative with 
acetic anhydride and boroacetic anhydride. The last reaction indicates that the reduction 
product is 4-aminoanthr-10-one-([IV; R = NH,), and the same compound results on 
reduction with aluminium and sulphuric acid (G.P. 201,542). Oxidation with ferric chloride 
in acetic acid gave l-acetamidoanthraquinone, an indication that acetylation occurs on 


[1954] Anthraquinone Derivatives with Alkaline Dithionite. 275 


the nitrogen when the catalyst is sulphuric acid. 4-Aminoanthr-10-one and alkaline 
hydrogen peroxide afford a 40% yield of l-aminoanthraquinone. Coffey (Soc. Chem. 
Ind. Ann. Meeting, 1953) has reported that l-aminoanthr-10-one can also be obtained by 
the reduction of l-aminoanthraquinone. 1-Methylaminoanthraquinone gave the some- 
what less stable 4-methylaminoanthr-10-one (IV; R = NHMe) together with methylamine. 
It gave a positive (yellow-red) boroacetic anhydride reaction. When a smaller proportion 
of dithionite is used reduction to the anthraquinol occurs and this is hydrolysed to 
methylamine and a reduction product of 1-hydroxyanthraquinone. 1-Benzylamino- 
anthraquinone gave a relatively unstable anthrone, oxidised rapidly in air to the starting 
material. By analogy it was 4-benzylaminoanthr-10-one (IV; R = NHCH,Ph). 

In all the reactions referred to, when more than one form of an anthrone could result . 
the product obtained was a vinylogue (Fuson, Chem. Reviews, 1935, 16, 1; Bradley and 
Geddes, J., 1952, 1636) of an amide, and for this reason would be expected to possess en- 
hanced stability and to exist in the keto(anthrone)-form. 

1-Hydroxyanthraquinone gives 1-hydroxyanthr-10-one, identical with the product 
obtained by Cross and Perkin (/., 1930, 292) by reducing l-acetoxyanthraquinone with 
stannous chloride. Zahn and Koch (Ber., 1938, 71, 172) found that reduction of 1-hydroxy- 
anthraquinone with hydrogen and nickel gave 4-hydroxyanthr-10-one, probably owing to 
chelation between the hydroxyl substituent and the neighbouring carbonyl group. Simi- 
larly, the formation of 4-amino- and 4-alkylamino-derivatives of anthrone is probably a 
consequence of chelation of the amino- and the substituted amino-groups with the neigh- 
bouring carbonyl group. 

Bradley, Leete, and Stephens (J., 1951, 2158) recorded the fission of 2-nitro-1 : 2’- 
dianthraquinonylamine by hot alkaline sodium dithionite, 2-aminoanthraquinone being 
obtained after crystallisation of the reduction product. The fission has now been con- 
confirmed and we have established that the product before crystallisation is 2-aminoanthr- 
10-one. This compound could have resulted by the reduction of 2-aminoanthraquinone or 
2-aminoanthraquinol formed at an earlier stage, or by reduction of the dianthraquinonyl- 
amine to a anthraquinol-anthrone or to a 2-amino-] : 2’-dianthronylamine. 


EXPERIMENTAL. 

Reduction of 1-Piperidinoanthraquinone.—1-Piperidinoanthraquinone (2 g.) was ground into a 
paste with alcohol (12 c.c.), then added to a solution of sodium hydroxide (2 g.) and sodium 
dithionite (4 g.) in water (60 c.c.) and heated to gentle boiling in a flask fitted with a Bunsen 
valve. This device was used in all the reduction experiments. A deep red solution formed 
immediately and the colour remained unchanged throughout the experiment. The cooled 
solution, acidified with acetic acid, gave a bright yellow precipitate, and this on exposure to air 
very rapidly re-formed 1-piperidinoanthraquinone, m. p. and mixed m. p. 116°. 

1-Dimethylaminoanthraquinone, m. p. 135°, was similarly recovered after 5 g. in alcohol 
(30 c.c.) had been heated for 1 hr. with sodium hydroxide (10 g.) and sodium dithionite (20 g.) 
in water (200 c.c.) and the product had been aerated. 

2-Dimethylaminoanthr-10-one.—2-Dimethylaminoanthraquinone (5 g.) was made into a paste 
with alcohol (10 c.c.) and heated with sodium hydroxide (10 g.) and sodium dithionite (20 g.) 
in water (200 c.c.), affording a red solution from which a yellow solid separated. After 10 min. 
the product was cooled, and the solid was collected, washed, and then dried in vacuo. 2- 
Dimethylaminoanthr-10-one (m. p. 148°, 4 g.) crystallised from alcohol in the form of golden 
rods (3-6 g.), m. p. 149—150° (Found: C, 80-6; H, 6-4; N, 6-0. C,,H,,ON requires C, 81-0; 
H, 6-3; N, 5-9%). It exhibited an intense golden fluorescence in ultra-violet light, dissolved 
in warm aqueous potassium hydroxide forming a yellow solution and slowly became orange in 
air. 

A solution of 0-2 g. of the anthrone in alcohol (20 c.c.) was left in contact with air for 7 days 
and then evaporated. The resulting orange solid, dissolved in benzene and chromatographed 
on alumina, gave a single, deep violet band. This was eluted with benzene, and the extract 
evaporated to small volume and then mixed with light petroleum (b. p. 60—80°). A red, 
crystalline solid (0-18 g.) separated, m. p. 185°, not depressed by mixing with an authentic 
sample of 2-dimethylaminoanthraquinone. 

The compound, m. p. 149—150° (1-4 g.), was refluxed with acetic anhydride (5 c.c.) and 
pyridine (4-5 c.c.) for 4 hr., and then further heated for 30 min. after the addition of acetic 
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anhydride (3 c.c.). On the addition of water 10-acetoxy-2-dimethylaminoanthracene separated ; 
this was washed, dried, crystallised twice from alcohol (charcoal), and thus obtained as golden, 
elongated leaflets (0-6 g.), m. p. 165—166° (Found: C, 77-5; H, 6-1; N, 5-0. C,,H,,O,N 
requires C, 77-4; H, 6-1; N, 5-0%). 

4-Methylaminoanthr-10-one.—A paste of 1-methylaminoanthraquinone (2-5 g.) in alcohol 
(5 c.c.) was boiled for 15 min. with sodium hydroxide (5 g.) and sodium dithionite (10 g.) in water 
(200 c.c.). The resulting deep red solution was cooled, and the yellow solid collected and dried 
in vacuo (1-7 g.). Crystallisation from chlorobenzene gave 4-methylaminoanthr-10-one (1-2 g.) 
as golden needles, m. p. 111—113° (Found: C, 80-5; H, 5-7; N, 6-4. C,,;H,,ON requires 
C, 80-7; H, 5-8; N, 63%). The product became brown on exposure to air, was sparingly 
soluble in boiling water forming a yellow solution, and dissolved in warm, 5% potassium 
hydroxide solution with a yellow colour which changed to orange. The yellow solution in 
acetic anhydride became red on the addition of boroacetic anhydride. 

In a second experiment 1-methylaminoanthraquinone (1 g.), alcohol (5 c.c.), sodium 
hydroxide (5 g.), sodium dithionite (1 g.), and water (200 c.c.) were heated under reflux for 30 
min. and the volatile products passed into a solution of 1-chloro-2 : 4-dinitrobenzene in alcohol. 
A yellow solid separated from the latter after 12 hr., and crystallisation from alcohol gave 
1-methylamino-2 : 4-dinitrobenzene, m. p. 174—175°, not depressed by mixing with an authen- 
ticsample. The deep red solution of the non-volatile reduction product was aerated for several 
hours, and the precipitate was collected, washed, dried, and chromatographed from benzene on 
alumina. A small band of 1l-methylaminoanthraquinone passed through the column. A 
strongly adsorbed yellow band was eluted with alcohol; evaporation of the extract gave 
1-hydroxyanthraquinone (0-05 g.), m. p. 194—195°, not depressed on mixing with an authentic 
sample, and further characterised by its absorption spectrum in sulphuric acid. 

2-Ethylaminoanthr-10-one.—2-Ethylaminoanthraquinone (2-8 g.), alcohol (10 c.c.), potas- 
sium hydroxide (5 g.), sodium dithionite (10 g.), and water (100 c.c.) were heated to boiling 
(Bunsen valve) for 15 min. and the product was then cooled. The material which separated 
was collected, dried im vacuo, and finally crystallised from benzene. It gave 1-8 g. of yellow 
2-ethylaminoanthr-10-one, m. p. 155—157° (Found: C, 81-2; H, 6:3; N, 5-7. C,,H,,;ON 
requires C, 81-0; H, 6:3; N, 5-9%). This dissolved in warm aqueous potassium hydroxide 
with a yellow colour, changed to orange on exposure to air. 

The foregoing product (1 g.) was gently warmed with acetic anhydride (5 c.c.) and a drop of 
concentrated sulphuric acid until a clear solution resulted. This was added to ice and the 
resulting brown, oily precipitate was dissolved by warming and then adding just sufficient methyl 
alcohol to give a clear solution. During 3 days crystals separated and these were collected, 
washed with aqueous methanol, and dried (0-2 g.)._ Crystallisation from benzene—light petroleum 
(b. p. 60—890°) gave N-ethyl-2-acetamidoanthr-10-one as a yellow solid, m. p. 125—127° (Found : 
C, 77-4; H, 6-1; N,5-2. CH,°CO, 15-1. C,,sH,,O,N requires C, 77-4; H, 6-1; N, 5-0; CH,°CO, 
15-4%). 

4-A minoanthr-10-one.—1-Aminoanthraquinone (10 g.), alcohol (50 c.c.), potassium hydroxide 
(20 g.), sodium dithionite (40 g.), and water (500 c.c.) were heated to gentle boiling. The deep 
red solution which formed at first soon became less intense and after 15 min. the product was 
rapidly cooled, and the precipitated solid was quickly collected, washed, and finally dried in 
vacuo (5-2 g.; m. p. 110—113°). Crystallisation from chlorobenzene gave yellow needles of 
4-aminoanthr-10-one, m. p. 113—115° (Found: C, 79-9; H, 5-5; N, 7-0. C,4H,,ON requires 
C, 80-3; H, 5-3; N, 6-7%). The product, though sparingly soluble in boiling water to a yellow 
solution, was insoluble in cold 5% potassium hydroxide. It dissolved on warming, the yellow 
solution rapidly becoming orange, then brown. Solutions in ethyl alcohol and acetic acid were 
yellow with a bluish-green fluorescence. The compound gave a yellow solution in acetic 
anhydride, unchanged after heating at the b. p. for a few minutes, but rendered red immediately 
on the addition of boroacetic anhydride. 

A suspension of the product (1 g.) in acetic anhydride (5 c.c.) was warmed with a drop of 
concentrated sulphuric acid. The resulting brown solution gave a yellow solid on cooling. The 
whole was added to ice and after 5 min. the solid was collected, washed, and dried. Crystallis- 
ation from alcohol gave 1-1 g. of 4-acetamidoanthr-10-one as yellow rods, m. p. 143—145° (Found : 
C, 76-4; H, 5-5; N, 5-9. C,.H,,0,N requires C, 76-5; H, 5-2; N, 5-6%), which were insoluble 
in cold 5% aqueous potassium hydroxide; on warming a golden-yellow solution was formed. 
The colour in sulphuric acid was green. 

The reduction product (1 g.) was ground in a mortar for 5 min. with a hot mixture of 5% 
sodium hydroxide solution (25 c.c.) and 20-volume hydrogen peroxide (25 c.c.). The solid was 
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collected and similarly treated with four further portions of alkaline hydrogen peroxide. The 
red product was collected, washed with water, dried, then dissolved in benzene and chromato- 
graphed on alumina. The more mobile red band was eluted with acetone, and the extract 
concentrated to small volume and then mixed with light petroleum. A red solid (0-4 g.) 
crystallised, having m. p. 250°, not depressed on mixing with an authentic sample of 1-amino- 
anthraquinone. 

A solution of hydrated ferric chloride (1-7 g.) in water (10 c.c.) was added dropwise to a 
boiling solution of the acetyl compound (0-9 g.) in acetic acid (10 c.c.). After 15 min. water 
(10 c.c.) was added to the brown solution, the small tarry precipitate was filtered off, and the 
filtrate was kept for 12 hr. A brown solid, m. p. 190° (Found: Ac, 15-4%), separated, and this 
crystallised from alcohol (charcoal) as a yellow solid (0-015 g.), m. p. 215—218° (Found: N, 5-4. 
Calc. for C,g,H,,O;N: N, 53%). 

2-A minoanthr-10-one.—2-Aminoanthraquinone (9 g.), alcohol (50 c.c.), sodium hydroxide 
(7-5 g.), and sodium dithionite (20 g.) in water (300 c.c.) were heated; before the b. p. was reached 
the red solution formed initially gave place to a dense mass of yellow crystals. After a few 
minutes’ heating at the b. p. the product was cooled quickly, and the crystals were collected, 
washed, and dried im vacuo (7-5 g.). The product, which was too unstable for satisfactory 
analysis, dissolved in acetic acid forming a yellow solution with a green fluorescence ; exposure 
to air changed the yellow colour to orange. A solution in chlorobenzene, chromatographed on 
alumina, gave a single bright orange zone from which acetone eluted 2-aminoanthraquinone. 

The reduction product (1 g.) was made into a paste with glacial acetic acid (1 c.c.), and 
acetic anhydride (5 c.c.) was added followed by a drop of concentrated sulphuric acid. An 
exothermic reaction occurred, a brown solution resulted, and when this was cool it was added to 
ice. The solid was collected, washed, and then dried in vacuo (1-1 g.; m. p. 220°). After two 
crystallisations from alcohol (charcoal) pale greenish-yellow needles (0-6 g.) of 2-diacetamido- 
anthr-10-one resulted, having m. p. 224—225° (Found: C, 73-4; H, 5-1; N, 5-2. C,3H,;0,N 
requires C, 73-6; H, 5-1; N, 4:8%). This derivative exhibited a strong blue fluorescence in 
alcohol. It gave a pale yellow solution in concentrated sulphuric acid. 

1 : 4-Diaminoanthraquinone.—A paste of the diamine (1 g.) and alcohol (5 c.c.) was boiled 
for 1 hr. with a solution of sodium hydroxide (5 g.) and sodium dithionite (1 g.) in water (150 
c.c.). Ammonia was liberated freely. Water (400 c.c.) was then added, the solution was 
aerated, filtered from a trace of insoluble matter, then acidified. The resulting precipitate 
dried to a red-brown solid (0-52 g.), m. p. 193—-195°, not depressed on admixture with quinizarin. 

1 : 5-Diaminoanthr-10-one.—1 : 5-Diaminoanthraquinone (5 g.), alcohol (25 c.c.), sodium 
hydroxide (5 g.), sodium dithionite (10 g.), and water (150 c.c.) were heated to boiling for 1 min. 
and then quickly cooled. A crystalline mass separated and this was collected, washed, and 
dried in vacuo (4 g.). 

1 : 5-Diaminoanthr-10-one crystallised from n-butanol in golden-yellow needles, m. p. 216— 
218° (Found: C, 75-2; H, 5:3; N, 11-9. C,,H,,ON, requires C, 75-0; H, 5-4; N,12-5%). It 
was sparingly soluble in hot water forming a yellow solution. It was insoluble in cold, dilute 
potassium hydroxide, but dissolved on warming to give a yellow solution which became orange- 
yellow in air. It dissolved in concentrated sulphuric acid to form a colourless solution which 
rapidly became red. 

On addition of the product (1 g.) to acetic anhydride (5 c.c.) containing a drop of concen- 
trated sulphuric acid, rise in temperature occurred and a brown solution resulted. After cooling, 
addition to ice gave 1 : 5-diacetamidoanthr-10-one as a solid which crystallised from n-butanol 
in fine, yellow needles (0-8 g.). These decomposed, without melting, at 270° (Found: C, 70-1; 
H, 5-2; N, 9-1. C,,H,,0,N, requires C, 70-0; H, 5-2; N, 9-1%). 

1-Hydroxyanthr-10-one.—A paste of 1-hydroxyanthraquinone (4 g.) in alcohol (10 c.c.) was 
heated to boiling with sodium hydroxide (6 g.), sodium dithionite (15 g.), and water (300 c.c.). 
A deep red solution formed and after 2-5 hr. this was filtered and the filtrate acidified. The 
resulting greenish-yellow precipitate was washed with a small volume of water, then dried 
(3-5 g; m. p. 180—210°) and crystallised from chlorobenzene (m. p. 203—208°). Sublimation 
in vacuo gave two bands. The more volatile fraction (m. p. 160—170°) gave 1-hydroxyanthra- 
quinone after crystallisation from chlorobenzene. The less volatile crystallised from toluene 
(charcoal) in colourless needles, m. p. 238—240°, not depressed by 1-hydroxyanthr-10-one. It 
dissolved in warm, dilute potassium hydroxide to give a yellow solution which rapidly became 
red in air. The yellow solution in acetic anhydride remained unchanged on the addition of 
boroacetic anhydride. 

Reduction of 2-Nitro-1 : 2’-dianthraquinonylamine.—A paste of the nitro-compound (0-5 g.) 
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with alcohol (5 c.c.) was heated to boiling with potassium hydroxide (1 g.) and sodium dithionite 
(2 g.) in water (30 c.c.). In 5 min. the red colour formed initially had become less intense. 
After cooling quickly, the yellow solid which separated was collected, washed, and then dried 
in vacuo. Exposed to air it rapidly re-formed 2-aminoanthraquinone. It exhibited the same 
properties as 2-aminoanthr-10-one, and on acetylation with acetic anhydride gave 2-diacetyl- 
aminoanthr-10-one, m. p. and mixed m. p. 220—222°. 

We thank the University of Leeds for the award of a Clothworkers’ Research Scholarship to 
one of us (R. F. M.). 
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The Degradation of Carbohydrates by Alkali. Part III.* 3-O-Methyl 
Derivatives of Glucose and Fructose. 
By J. KENNER and G. N. RICHARDs. 
[Reprint Order No. 4671.] 


The results of a study of 3-O-methyl derivatives of glucose and fructose 
accord with the view that the site of the etherifying group (when this is in the 
3- or the 4-position) regulates the result of their attack by dilute alkali. 


THE general mechanism of the action of dilute alkali on disaccharides has been discussed in 
Part II * and it appears that it is regulated by the point of attachment of the glycoside 
grouping (when this is in the 3- or the 4-position) to the parent aldose or ketose. Thus it 
involves the carbonyl group in the 1-position in 3-glucosidoglucose (laminaribiose) (Corbett, 
Kenner, and Richards, Chem. and Ind., 1953, 154) but only operates from the 2-position 
in the cases of 4-glucosido- and 4-galactosido-glucoses (maltose and lactose) after their 
isomerisation to the corresponding ketoses. 

This comparison, as well as the need to explain the behaviour of the monosaccharides 
towards alkali, impelled us to study that of the 3-O-methyl derivatives of glucose and 
fructose in this respect. 

The anion of 3-O-methylfructose (I) is in equilibrium with that of the isomeric glucose 
ion (II) and, as would be expected, either isomeride is rapidly converted in solution into 
a mixture of the two, of which the relative proportions were determined by means of resor- 
cinol. Consequently each was converted by lime-water at 25° into methyl alcohol and a 
mixture of Nef’s stereoisomeric a- and $-metasaccharinic acids (III) (Amnalen, 1910, 376, 
1; cf. Bollinger and Prins, Helv. Chim. Acta, 1946, 29, 1061, whose data on 3-deoxymannonic 
acid seem to indicate its identity with Nef’s 6-acid) : 

CH-OH CH-O- O0,H 
C-O- -OH aie , : gia 
MeO—C—H Me nas: SY bee ; 2 
H——OH H—C—OH : ; —OH 
H—C—OH H—C—OH : 1—C—OH 
CH,‘OH CH,:OH , CH,‘OH CH,-OH 
(I) (II) (III) 

Ihe products from 3-O-methylfructose, however, included a 10% yield of lactic acid, 

presumably arising according to the scheme : 
CH,-OH CH,OH 
xe) O 


HO 
—_ H-OH 
‘H,"OMe 


I 
MeO—C—H H,-OMe 
H—C—OH (OH-) | —Meon 


H-—OH > + 


CH,°OH HO (OH-) CHO 
H—C—OH ——e (‘OH ——e 


CH,-OH —— CH, 
* Part Il, /., 1953, 2245. 
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The difference between the two cases accords with the usual view that lactic acid form- 
ation from glucose or fructose occurs through the ketose rather than the aldose and also 
with results of experiments on glucose and fructose to be reported later. 

The alkyl group then determines the site of reaction, as do the glycosyl groups in the 
cases cited at the outset, possibly owing to the greater receptivity of the alkaline medium 
for an alkoxide or glycoside anion than for hydroxyl ion respectively extruded from the 
carbohydrate anion. 

The following Table shows the great speed of the degradation of the methyl derivatives 
by saturated lime-water at 25°, that of the ketose being the faster. A further Table 
(p. 282) shows the rate of degradation by 0-05N-aqueous potassium hydroxide to be much 
slower than that with lime-water, possibly owing to stimulation of carbonyl reactivity 
by [CaOH]* comparable with that by lithium ions on the interaction of diazomethane and 
acetone recorded by Meerwein and Burneleit (Ber., 1928, 61, 1840). 


Total Total Total Acid equivs. per 
Time (hr.) hexose (mg.) ketose (mg.) aldose (mg.) mole of hexose Paper chromatography * 


3-O-Methyiglucose. 
3-MeG 3-MeF Sacc. acids 
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340 
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— 1-075 3 
* Numbers denote relative intensity of spots, 3 denoting the greatest. G = glucose, F = fructose, 
Sacc. = saccharinic. 
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These results are the more striking in that metasaccharinic acid is not the product of 
the action of dilute alkali on glucose (cf. Kiliani, Ber., 1882, 15, 2953), and this will be 
discussed in a later paper. Meanwhile, it will be noted that the acid is a potential source 
of 2-deoxy-D-ribose.t 

t Patent protection pending. 
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EXPERIMENTAL 


Oxygen-free solutions were obtained as required by saturation with nitrogen. 

3-O-Methylglucose, from 1: 2-5: 6-ditsopropylideneglucose (Glen, Myers, and Grant, /., 
1951, 2568), while having the correct m. p., was shown by chromatography to contain a trace of 
glucose and was purified by elution from a cellulose powder column (30 x 4 cm. for 2 g.) by 
aqueous alcohol (98%). The product had m. p. 165—166°, [a]? +55-4° (20 hr., c, 4-5 in H,O). 

3-O-Methylfructose, from 1 : 2-4: 5-diisopropylidenefructose (Glen, Myers, and Grant, Joc. 
cit.), after similar treatment to remove traces of fructose, the eluant being the upper layer from 
a mixture of butanol, ethanol, and water (4: 1: 5), diluted with an equal volume of butanol, 
showed m. p. 125—126°, [a]? —53-7° (15 min.; c, 1-2in H,O). Anderson, Charlton, Haworth, 
and Nicholson (J., 1929, 1337) reported m. p. 128—130°, [«]7? —53-5°. 

Qualitative Experiments.—(1) A solution of 3-O-methylglucose (11-36 g.) in oxygen-free 
lime-water (3 1.; 0-0412N), after maintenance at 25° for 170 hr. in nitrogen, was stirred with 
washed Amberlite resin IR-120 (150 g.) until free from calcium ions, and separated from the 
resin. On distillation the first fraction contained methanol (yield, 66% as estimated from the 
density of the solution), identified by conversion into the triphenylmethy] ether, m. p. and mixed 
m. p. 82—83° (cf. Kenner and Richards, J., 1953, 2240). The residual acidic solution, concen- 
trated under reduced pressure at 40° to a syrup, furnished a distillate of pH 5-5 with a trace of 
volatile acid in the last few drops (pH 2—4). A solution of the syrup in water (100 ml.), after 
decolorisation by charcoal and neutralisation with calcium carbonate, was again evaporated to 
dryness. The residual syrup solidified on trituration with ethanol, the crude calcium gluco- 
metasaccharinate being finally obtained as a white powder (11-19 g., 96%) which was fraction- 
ated as follows. A solution of the crude salt (5-00 g.) in hot water (12 ml.), when kept at 0° 
for several hours, deposited colourless, cubic crystals of calcium $-glucometasaccharinate 
(1-18 g.), [a]?! —22-2° (c, 0-4 in H,O) (Nef, loc. cit., reported [a]? —23-25°) [Found: C, 36-5; 
H, 5-6. Calc. for (CgH,,O,),Ca: C, 36-2; H, 5-6%]. Addition of ethanol to the mother- 
liquors resulted in isolation of the following amorphous white powders: (a) from 47% ethanol, 
0-77 g., [x]?! —10-9° (c, 0-3 in H,O), mixed «- and 8-forms; (b) from 60% ethanol, 1-60 g., 
[a|#} —5-2° (c, 0-3 in H,O), shown (see below) to be calcium «-glucometasaccharinate (Found : 
C, 36-1; H, 54%); (c) (0-20 g.) and (d) (0-32 g.), precipitated from 70% and 82% ethanol 
respectively, also consisted of «-form. 

Strychnine ®-Glucometasaccharinate—An aqueous solution (0-1 g. in 10 ml.) of calcium 
8-glucometasaccharinate was stirred with excess of Amberlite resin IR-120, filtered, and heated 
on the water-bath for 18 hr. with an excess of powdered strychnine. After cooling to room 
temperature and filtration from unused strychnine, the solution was evaporated to a syrup from 
which, after trituration with 92% ethanol, the strychnine salt was obtained as colourlesss needles 
(0-160 g.). Recrystallised from the same solvent, it sintered and decomposed at 185—190°, 
and showed [«]#? —30-5° (c, 4in H,O) (Found: C, 63-2; H, 6-9; N, 5-4. Calc. for C,,H;,0,N,: 
C, 63-0; H, 6-7; N, 5-4%). Nef (loc. cit.) reported decomp. at 180—190° and [«]?? —30-79°. 

‘‘ 8-Glucometasaccharin.’’ A solution of the strychnine salt (1-05 g.) in water (10 ml.) was 
treated at room temperature with 0-1N-sodium hydroxide (25 ml.). Strychnine was removed 
by filtration and by washing of the filtrate with chloroform. After removal of sodium ions by 
Amberlite resin IR-120, evaporation of the aqueous solution yielded a colourless syrup (0-30 g., 
92%) which crystallised after several weeks. Recrystallised from acetone as fine, colourless 
needles, the ‘‘ saccharin ’’ showed m. p. 85—88°, [a?#] +8-16° (c, 2 in H,O) (Found: C, 44-5; 
H, 6-4. Calc. for CgH,,O,: C, 44-4; H, 6-2%). Nef (loc. cit.) reported m. p. 92°, [a]? +8-2°. 
The same product was obtained by removal of calcium ions with Amberlite resin IR-120, from 
the corresponding calcium salt. 

Strychnine «-glucometasaccharinate was obtained from fraction (b) by the procedure described 
in the case of the 8-form. Recrystallised from ethanol-ether, the salt sintered and decomposed 
at ca. 185° and showed [a]?! —19-2° (c, 2 in H,O) (Found: C, 63-3; H, 6-7; N, 5:1%). Nef 
(loc. cit.) reported m. p. 145—147° and [a]? —19-5°. 

Brucine «-glucometasaccharinate, similarly prepared in aqueous solution, was freed from 
excess of brucine by extraction with chloroform. The salt sintered and decomposed at 147— 
150° and showed [a]?! —22-5° (c, 1 in H,O). Nef (loc. cit.) reported m. p. 145—150° and [a]? 
—23-14°. 

““ a-Glucometasaccharin.”’” Attempted preparation of the lactone by the methods described 
for the B-isomer yielded a hygroscopic colourless syrup which crystallised partly on trituration 


[1954] Carbohydrates by Alkah. Part III. 281 


with acetone. The crystals, when drained for several days on a porous plate, showed m. p. 
(rapid heating) 104—105-5° (Nef, loc. cit., reported m. p. 104°). When heated, even at 60° for 
prolonged periods, the crystalline material became amorphous and could not subsequently be 
recrystallised, thus suggesting that some isomerisation to the $-form may have occurred, 
similar to that described by Nef (loc. cit.) in the case of the ‘‘ galactometasaccharins.”’ 

(2) A solution of 3-O-methylfructose (2-284 g.) in oxygen-free lime-water (650 ml.; 0-0402N) 
kept in nitrogen at 25° for 170 hr., when treated according to the procedure of the previous 
experiment, yielded, after removal and identification of methanol (0-275 g., 73%), a pale yellow 
syrup which was extracted continuously with ether for 2 days, the extract being kept neutral 
by the presence of zinc carbonate in water (cf. Evans and Hass, J. Amer. Chem. Soc., 1926, 48, 
2705). From the residual syrup, strychnine $-glucometasaccharinate was readily prepared 
as described above, showing [a]? —30-0° (c, 2 in H,O). 

From the ethereal extract zinc lactate trihydrate (0-418 g.) was isolated, and its aqueous 
solution (10 ml.) was shaken with excess of Amberlite resin IR-120, filtered, neutralised with 
sodium hydroxide, and heated for 1 hr. with alcoholic 4-bromophenacyl] bromide (0-6 g., 20 ml.). 
Fractional recrystallisation of the product from aqueous ethanol furnished 4-bromophenacyl 
lactate, m. p. and mixed m. p. 111—113°. 

Kinetic Experiments.—The general procedure corresponded to that described in Part II 
(loc. cit.); equivs. of acids formed were determined by back-titration of excess of sulphuric 
acid in preference to direct titration. Butanol—pyridine—water (3:2: 1-5) was used for chrom- 
atography (cf. Jeanes, Wise, and Dimler, Analyt. Chem., 1951, 23, 415); development was by 
silver nitrate—sodium hydroxide (Trevelyan, Procter, and Harrison, Nature, 1950, 166, 444), and 
confirmation of the presence of ketoses by naphtharesorcinol (Hough, Jones, and Wadman, /. 
1950, 1702); calibration curves for use of the Hagedorn—Jensen method (Biochem. Z., 1923, 
135, 46) for estimating 3-O-methylglucose and 3-O-methylfructose coincided. The amount of 
ketose in mixtures of the two was determined by measuring the optical density at 4800 A 
resulting when a mixture of ketose solution (5 ml. containing <0-3 mg.), aqueous resorcinol 
solution (1 ml.; 0-5%), and concentrated hydrochloric acid (5 ml., free from iron) was heated on 
a boiling-water bath for 8 min. + 10sec. (cf. Gray, Analyst, 1950, 75, 314). Calibration showed a 
linear relation between optical density and concentration up to 0-2 mg./5 ml. and no measurable 
colour was obtained from a corresponding solution of aldose. 

The results thus obtained under oxygen-free conditions from treatment of 3-O-methylglucose 
(0-3400 g.) with lime-water (100 ml.; 0-04055n), and of 3-O-methylfructose (0-1700 g.) with 
lime-water (50 ml.; 0-0395N), each at 25°, have already been cited. In the former case the 
yield of acid corresponded to formation of metasaccharinic acid only (Rp 0-069 on chromato- 
grams), but in the latter an excess of acid equivalents is observed over those of hexose decom- 
posed. This indicates some conversion of the ketose into lactic acid (cf. Schaffer and Friede- 
mann, J. Biol. Chem., 1930, 86, 345), and the relative amounts of each acid at any given time 


Acid yields from 3-O-methylfructose in lime-water. 
Time (hr.) Decomp. (%) Acid formed (equiv. %) Lactic acid (%) Metasaccharinic acid (°%) 
34:7 36-0 33-4 
45-2 47-4 43-0 
57-7 60-6 54:8 
61-8 66-2 57:4 
65:3 71-3 59-3 
70-0 76-2 63-8 
91-1 97-8 84-4 
94-0 103-0 85-0 
95-2 105-0 85-4 
96-3 105-4 87-2 
99-0 107-5 90-5 
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were calculated on the assumption that each molecule of hexose which is decomposed results in 
the formation either of one equivalent of metasaccharinic acid or of two equivalents of lactic 
acid. 

It thus appears that after 168 hr. (99° decomposition) 8-5% of the ketose had been converted 
into lactic acid and 90-5% into metasaccharinic acid. This conclusion accords with the findings 
in the above qualitative experiment. Data in regard to the early stages have been omitted 
because they are more related to the necessary preliminary formation of intermediate products, 
as indicated in the introduction. 
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The final Table reproduces the results of treating 3-O-methylglucose (0.4380 g.) with aqueous 
potassium hydroxide (100 ml.; 0-05N) at 25°. 


3-O-Methylglucose in 0-05N-potassium hydroxide. 
Time (hr.) ..:atsiescrien eens 0-25 0:5 1-0 2-0 4-0 
Acid equivs. per mole of hexose 0-009 0-015 0-024 0-044 0-100 
THEE) scsicseureaves-cuue ee ee 97 120 144 
Acid equivs. per mole of hexose 0-599 0-787 0-882 0-930 0-965 0-99 
This work forms part of the programme of fundamental research undertaken by the Council 
of the British Rayon Research Association. 


BRITISH RAYON RESEARCH ASSOCIATION, 
BARTON Dock Rp., URMSTON, NR. MANCHESTER. [Received, September 23rd, 1953. 


Absorption Spectra of Ketones. Pari I. «-Halogeno-ketones. 
By R. C. Cookson. 
[Reprint Order No. 4691.] 


The shift in position of Ayay, of a ketone produced on substitution of halogen 
for an «-hydrogen atom is a function of the angle between the carbonyl group 
and the carbon-halogen bond. Thus the shift for an equatorial a-bromocyclo- 
hexanone is about —5 muy, and fora polarone +28my. The shift produced by 
bromination of camphor is intermediate. 

The relation is used to assign configurations to some steroid and triterpenoid 
a-bromo-ketones. 


In contrast to the well-known and invaluable relations established by Woodward (J. Amer. 
Chem. Soc., 1941, 68, 1123; 1942, 64, 76; see also Evans and Gillam, J., 1941, 815, and 
Fieser and Fieser, “‘ Natural Products Related to Phenanthrene,” 3rd Edn., 1949, p. 190) 
between the structure of an «$-unsaturated ketone and the wave-length of the maximum 
of its intense absorption of ultra-violet light (2830—260 my), very little is known about the 
factors that influence the position and intensity of the weak absorption band (ca. 280 my) 
shown by all unconjugated aldehydes and ketones (cf. Bowden, Braude, and E. R. H. 
Jones, J., 1946, 948). The paucity of data is no doubt due partly to the practical difficulty 
in measuring accurately the position of the often rather flat, and always weak, maxima ; 
and partly to the inability to interpret the data usefully. The present paper is concerned 
with the effect of halogen substitution at the «-position on the position and intensity of the 
maximum. 

Table 1 lists the wave-length (in my) and the intensity of the carbonyl absorption bands 
of some steroid and triterpenoid «-halogeno-ketones. The change in intensity, with 
reference to the parent (non-halogenated) compound, is indicated by A loge. By the use 
of the accepted conformations of steroid (Barton, Experientia, 1950, 6, 316) and triterpenoid 
(Barton and Holness, J., 1952, 78) compounds the carbon—-halogen bonds can be classified 
as equatorial (e) or polar (p). The change in position of the absorption maximum produced 
by the substitution of an equatorial a-halogen atom is then indicated by A and the 
corresponding change for polar substitution by Ad. In compiling Table 1 it has been 
assumed that substitution by bromine at Cs) in hecogenin has no effect on max. 

It will be seen from the Table that equatorial substitution by halogen has little effect 
on the absorption spectrum (Aa ca. —5 muy, A log « ca. 0 to +0°3). Polar substitution on 
the other hand has a pronounced effect. For bromine Aa is ca. +28 my and A log « ca. 
-+-0-6. The measurements reported in the Table for the 6-bromo-7-oxocholestan-38-yl 
acetates agree with those recorded earlier (Barr, Heilbron, E. R. H. Jones, and Spring, 
J., 1938, 334), and support the configurations assigned to the epimers from their relative 
ease of dehydrobromination (Fieser and Fieser, of. cit., p. 270). 

R. N. Jones, Ramsay, Herling, and Dobriner (J. Amer. Chem. Soc., 1952, 74, 2828) 
have recently shown that the equatorial bromine atoms in 2«-bromo- (No. 17) and 2« : 4x 


[1954] Cookson: Absorption Spectra of Ketones. Part I. 283 


dibromo-cholestan-3-one (No. 18) produce a marked shift in the infra-red carbony] stretch- 
ing frequency relative to that of the parent cholestan-3-one. Polar substitution on the 
other hand had little effect on the carbonyl frequency. Although the configurations of the 
bromine atoms in these compounds were not, at first, rigidly defined, adequate chemical 
evidence to support them has subsequently been presented (Fieser and Ettore, J. Amer. 
Chem. Soc., 1953, 75, 1700; Beereboom, Djerassi, Ginsburg, and Fieser, ibid., p. 3500; 
Fieser and Huang, ibid., p. 4837; Corey, zbid., p. 4832). The ultra-violet measurements 
recorded in Table 1 may then be taken as confirmatory of the correctness of the configur- 
ations assigned. In general the effect of «-halogen substitution on the infra-red and the 


ultra-violet spectra of ketones are thus complimentary. 

The equatorial (2) character of the bromine atom in 2-bromo-f$-amyr-3-one (No. 23) 
is borne out by its infra-red spectrum: in carbon disulphide solution, 8-amyr-3-one 1708 
cm.-!; 2-bromo-$-amyr-3-one 1726 cm.-! (i.¢., Av + 18cm.4). 7-Keto-steroids in carbon 
disulphide have the carbonyl band at ca. 1713 cm.-1 (R. N. Jones, Humphries, and Dobriner, 
ibid., 1950, 72, 956). 68-Bromo-7-oxocholestanyl acetate (No. 2) shows bands in this region 
at 1711 cm."! due to the 7-carbonyl and at 1733 cm.-! due to the 3-acetoxyl (7.e., Av — 2 
cm.~!), whereas the epimer (No. 3) hasa single band at 1734cm."! due to the carbonyl and 
ester groups superimposed (1.e., Av + 21 cm."}). 


TABLE 1. 


No Compound Amaz. log € Solvent 
1 7-Oxocholestanyl acetate..........0...... 283 1-75 Et-CH 
287 1-6 EtOH 
2 GE EROUEO: ceccongrapeaninset s<Odgasosasvance-" Uw 2-26 : Et-Ch 
313 S EtOH 
DerrBVOIGe: 6. cis dod... keds: Avbad es estes Pe Et-Ch 
282 EtOH 
6a-88-Dibromo- 304 EtOH 
5 6-Oxocholestanyl acetate 280 EtOH 
b OGM oo ivairsssstaecepracians! COS EtOH 
7a-Bromo- 310 EtOH 
Ge < Te DDRMMIO® cecseccissccscicssseesss DOC EtOH 
BES TOPPERS: cccscsscoupncasecaccvers.. a EtOH 
Hecogenin acetate Et-Ch 
lla : 23-Dibromo- —........... eee eee eee Et-Ch 
5a : 22a-Spivostan-11-on-3B-yl acetate Et-Ch 
12a : 23-Dibromo- Et-Ch 
12-Oxo-oleanolic lactone acetate Et-Ch 
118-Bromo- We eRhxaehnee mh euNs Cis ee Et-Ch 
CROMSGRAR OME i550 csacrvcncctegreses'sscncs EtOH 
2«-Bromo- EtOH 
Det: SA-DIDTOMG ao acicc iis sens sense stones EtOH 
2 : 2-Dibromo- EtOH 
Re  ccxennsisincausiscnecegetdegzesiass EtOH 
Bi PA ONO: | wes cnt dis ssaweendesanteness 6 . +1 EtOH 
B-Amyr-3-one EtOH 
WU EITOGO™ © Sistas a cin cceuee bie ueese¥ede bane EtOH 
Et-Ch = 20% of chloroform in ethanol. 
* Curve almost linear from 265 to 300 mu; at 290 mp, loge = 1-76. ° Point of inflexion. ° In 
geminal position. 
1, This paper. 2, Barr e¢ al., loc. cit. 3, Samples kindly provided by Dr. J. W. Cornforth (see 
Cornforth and Osbond, Chem. and Ind., 1953, 919). 4, Samples kindly provided by Professor D. H. R. 
Barton and Mr. K. @verton. 
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The systematic effect of equatorial and polar «-halogen substitution on ultra-violet 
absorption spectra is clearly of value in the assignment of configuration. Thus the 
11-bromo-12-oxo-oleanolic lactone acetate (No. 15) of Barton, Holness, Overton, and 
Rosenfelder (J., 1952, 3751) must be the 11f-compound. The 5- and the 7-bromo-6- 
oxocholestan-38-yl acetates (Nos. 6 and 7) of Barr e¢ al. (loc cit.) must both have the 
a-configuration. 

The gem-dihalides in Table 1 (Nos. 19 and 21) merit brief mention: The shift in a) is 
only about half of the normal. In contrast, the effects of two bromine atoms on either 
side of the carbonyl group appear to be additive. The dibromide (No. 4) formed by 
bromination of 7-oxocholestan-38-yl acetate (Barr ef al., loc. cit.) cannot then be the 
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6: 6-isomer. Since it is formed more rapidly, and in more than twice the yield, from 
6«-bromo-7-oxocholestan-38-yl acetate than from the 6$-isomer this dibromide must have 
the 6« : 88-structure. The Ad value for 5 : 7-dibromo-6-oxocholestan-38-yl acetate (No. 8) 
(Heilbron, Jackson, E. R. H. Jones, and Spring, /J., 1938, 102) points unmistakably to the 
5a: 7a-configuration. From spectroscopic evidence the isomeric dibromide (No. 9) could 
be either the 58 : 7«- or the 5« : 78-dibromide. The chemical evidence too (Heilbron é¢ ai., 
loc. cit.) is consistent with either configuration, although the report that the 5-bromine 
atom is replaced by acetoxyl when the compound is treated with potassium acetate under 
conditions that do not alter the 5«-bromo-, the 7«-bromo-, or the 5a : 7«-dibromo-ketone 
rather favours the 58 : 7«-configuration. 

The a: a’. class of dibromide, represented by 2 : 4-dibromocholestan-3-one (No. 18), 
may prove less immediately recognisable since the expected Ad of —12 moves the carbonyl 
maximum back into the region of end-absorption from the bromine atoms, so that no 
maximum is observable. This type is easily differentiated, however, from the other 
three that contain polar bromine atoms by the low extinction at wave-lengths beyond the 
maximum of the parent ketone. 


ea - 


(II) “(1D 


Before their spectra can be interpreted the configurations of the 3-halogeno-camphors 
must be determined. They are the more stable epimers. Thus, calculating from the 
optical rotations shows the equilibrium mixture of 3a-chloro- and 38-chloro-camphor * to 
contain 91% of 3-«-chlorocamphor (Lowry and Steele, J., 1915, 107, 1382), and the equi- 
librium mixture of the two bromocamphors to contain 92% of 3-«-bromocamphor (Lowry, 
Steele, and Burgess, J., 1922, 121, 633). In camphane derivatives the usual order of 
stability of a substituent on a boat-form cyclohexane is reversed (Shoppee, Chem. and Ind., 


TABLE 2. 
Compound . Aloge  Arvnao Arexo Solvent 
COIIE © Sin sincin acesivignlicn ; — — — CH 
-- CH 
2 -- EtOH 
Ba-TROT — e Seeincs cae ene ds ee “95 4+-0-50 1-25 - CH 
+0-62 $15-/ - CH 
+0°49 + 16: -- EtOH 
38-Bromo 31: 9 +0-50 +2 CH 
SCRIREG |... ica tebe csscneecod . } -- CH 
38-Chloro- , 
3 : 3-Dibromo- 
3-Bromo-3-chloro- 
3 : 3-Dichloro- 
10-Bromocamphor 
3a-Bromo- 
3a-Chloro- 
Camphor-10-sulphonic acid... 
ee i ee EE one De 
BOY 50 os tiger heenivashsds 
3a : 8-Dibromocamphor 
38 : 8-Dibromocamphor 
CH = cycloHexane. W = water. WK = Potassium salt in water. 
«¢ and 1—4, See Table 1. 5, Lowry and Owen, /., 1926, 606. 6, Sample kindly provided by 
Dr. A. Nickon. 


1952, 86; Barton, J., 1953, 1027): the endo (p) configuration (I) is more stable than the 
exo (e) (II), because of compression of the gem-dimethy] group in the latter. To this steric 
effect, which raises the energy of the 3-exo-halogenocamphors relatively to their 3-endo- 
epimers (III), must be added the greater electrostatic repulsion between the C, -»— Br and 


* a and £ are used in the customary steroid sense for formula set up as (I)—(III). These con- 
figurations have hitherto been termed, e.g., 3 and 3’. 
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C, -»— O dipoles in the former (‘‘ equatorial” bromine) than in the latter (“‘ polar ”’ bromine) 
(cf. Corey, J. Amer. Chem. Soc., 1953, 75, 2301). The electrostatic effect will be much less 
important in the camphor than in the cyclohexanone series (see below). The stable 
3-halogenocamphors have then the endo-configuration (III). This has been confirmed by 
X-ray crystallography (Bijvoet and Wiebenga, Naturwiss., 1944, 32, 45; Wiebenga and 
Krom, Rec. Trav. chim., 1946, 65, 663). 

Although the cyclohexane ring in camphane has been referred to as a boat and the two 
Ciy-H. bonds as polar and equatorial, the anchoring of the bow and the stern to the same 
carbon atom imposes considerable distortion on the boat form and weakens the distinction 
between the two types of bond. 

In considering 2-halogeno-ketones it will be convenient to define 6 as the angle between 
the projections of the C—O bond and the Cy)-Halogen bond on the plane at right 
angles to the Ciy>-Cj) bond (that is, the apparent angle between the C—O and Cy)~ 
Halogen bonds, when viewed down the axis of the C;,—-C) bond). Then in a 2-halogeno- 
cyclohexanone (chair), 0. = ca. —15° and 6, = ca. +105°. But in a 3-halogenocamphor 
0. = ca. —55° and 6) = ca. +-65°, values closer to a normal cyclopentanone than to a cyclo- 
hexanone. So, if Ad is a function of 8, one would expect the Ad values for the camphor 
series to be different from those in the cyclohexanone series, and perhaps intermediate 
between Arde and Adp. The light absorption of the camphor derivatives given in Table 2 
bears out this expectation. 

The average values for a 3-bromine atom (endo and exo series combined) are Ad +20 mu 
and A log e -+-0-50, and for a 3-chlorine atom Ad +16 mu, A log e« +0-23. Ad for bromine 
in a geminal grouping (No. 29) is again approximately half of the normal. A remeasure- 
ment of the light absorption of camphor and of 3«-bromocamphor on a modern instrument 
gave a rather lower value for Ai, which was scarcely changed by substitution of ethanol 
for cyclohexane as solvent. 

As a rough guide, the following relations between ® and Ai, based on average values for 
monobromo-compounds in Tables 1 and 2 (revised value), can now be proposed : 

 ncceaatabeos ae 65° 105° 

EDAD cdc eiesdencketseeals eckids —5 +16 +28 
This relation may be contrasted with the results of Leonard and Mader’s investigation of 
the absorption spectra of a-diketones (J. Amer. Chem. Soc., 1950, 72, 5388). 


EXPERIMENTAL 


Measurements were made with a Unicam SP500 spectrophotometer, the wave-length scale 
of which was set on the hydrogen line at 486-1 mu. The setting was checked periodically against 
the absorption maxima of an ethanolic solution of ergosteryl acetate (271-4 and 281-8 + 0-2 
mu). Measurements of optical density of ketone solutions, in a l-cm. cell, were made at 
intervals of 0-5 my in the region of the maximum. The wave-lengths of points of inflection were 
determined graphically. 

Absolute ethanol and chloroform were spectroscopically pure commercial samples. cyclo- 
Hexane was shaken with sulphuric acid, boiled over sodium, and distilled. Camphor was 
sublimed after recrystallisation from aqueous ethanol. The other ketones were recrystallised 
until their physical constants (m. p. and/or rotation) reached those recorded. Dr. J. W. Corn- 
forth kindly warned us that the sample of hecogenin acetate might contain a trace of the 
9(11)-dehydro-derivative, that cannot conveniently be removed by physical methods. Since 
for a recrystallised sample ¢ at 243 my was only 370, with no change in gradient of the end- 
absorption in that region, the proportion of unsaturated ketone cannot have exceeded ca. 2%. 

Epimeric 6-Bromo-7-oxocholestan-38-yl Acetates [with Mr. C. H. RosBinson].—Bromination 
of 7-oxocholestan-38-yl acetate according to Barr et al. (J., 1938, 334) gave the 68-bromide as 
blades, m. p. 178—180°, [a], +33-5° (c, 1-85 in CHCI,), after crystallisation from acetone. 

The 6a-isomer, isolated from the mother-liquors, tended to separate as a gel. It crystallised 
readily from methanol, however, after chromatography on neutralised alumina, and then had 
m. p. 138—141°, [a], —6° (c, 1-57 in CHCI,). 

2a-Bromo-B-amyr-12-en-3-one [with Mr. O. P. Arya].—A 3% solution of bromine in acetic 
acid (18-5 ml.) was added dropwise to one of f-amyr-12-en-3-one (1-5 g.) in acetic acid (30 ml.) 
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at room temperature during 20 min. The mixture was diluted with water and extracted with 
ether, which was washed with sodium hydrogen carbonate solution and water. Crystallisation 
of the involatile portion of the extract from acetone yielded long needles of the bromo-ketone, 
m. p. 197—198° (decomp.), [a]p + 22° (c, 1-8 in CHCl;) (Found: Br, 15-5. Calc. for Cs35H,,OBr : 
Br, 15:9%). 

This bromide (1-24 g.) was dehydrobrominated by being boiled for 3 hr. in freshly distilled 
collidine (6 ml.). The cooled solution was diluted with chloroform, which was washed with 
dilute sulphuric acid and then water. The residue left on evaporation of the chloroform 
crystallised from acetone. §-Amyra-2 : 12-dien-3-one has m. p. 174—175°, [a], +141° (c, 1-5 
in CHCl,), Amax, 230 my (¢ 9700) (Found: C, 85-1; H, 10-8. C3 9HygO requires C, 85-3; H, 
10:9%). 


The infra-red spectra were kindly measured by Dr. J. E. Page of Glaxo Laboratories Ltd. 
I am also indebted to the colleagues who generously gave compounds for measurement, and 
especially to Professor D. H. R. Barton for valuable advice and encouragement. 


BIRKBECK COLLEGE, Lonpon, W.C.1. [Received, October 1st, 1953.) 


Purpurogallin. Part XI.* Some Further Rearrangement 
Reactions of the Tropolones. 


By Puitip Akroyp, RoBERT D. HAworrTH, and PHILLIP R. JEFFERIES. 
{Reprint Order No. 4718.] 


The reactions of §-methyltropolone methyl ethers with amines, alkoxides, 
lithium aluminium hydride, and Grignard reagents have been examined. 
Some properties of methylphenylcycloheptatrienones are described, the 
mechanisms of the reactions are discussed, and several examples of the 
conversion of tropolones into benzenoid compounds are reported. 


In Part IX (J., 1951, 3427) the formation of 2-amino-4- and 2-amino-6-methylcyclohepta- 
trienone was described. These experiments have been extended, and the methoxyl group 
of 6-methyltropolone methyl ether-A (I; R = OMe) (see Part IX) has been replaced by 
the morpholino- and the dimethylamino-group. The dimethylamino-compound (I; 
R = NMe,) so obtained formed a quaternary salt with methyl iodide, and a strong base 
on further treatment with silver oxide. Hydrogenolysis (cf. Rapoport and Williams, 
J. Amer. Chem. Soc., 1951, 78, 1896) in presence of Adams’s catalyst ruptured the amino- 
linkage and gave 3-methylcycloheptanone, which was identified as its semicarbazone. The 
isomeric dimethylamino-compound (II; R= NMe,) was similarly prepared from the 


O > 
yk BR 


(1) + OH- 


methyl ether-B, and catalytic reduction of this yielded 4-methylcycloheptanone, which 
was also characterized as its semicarbazone. Thus this reaction gives additional evidence 
that the series of substituted amino-compounds obtained from $-methyltropolone methyl 
ether-A and -B are represented by (I; R= NR,) and (II; R= NR,), respectively 


* Part X, ]., 1952, 3705. 
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(see Part IX). An improved yield of 2-amino-6-methyleycloheptatrienone was obtained 
from the corresponding methyl ether-A by the use of liquid ammonia at room temperature 
(cf. Nozoe and his co-workers, Proc. Jap. Acad. Sci., 1951, 27, 556; 1952, 28,192; Sct. Rep. 
Tohoku, 1952, series I, 36, 128). There are two plausible mechanisms with nucleophilic 
attack, namely, at the carbonyl-carbon atom, C;,) (path X) or at the adjacent substituted 
carbon atom, Cy) (path Y). Nozoe and his co-workers (Proc. Jap. Acad. Sct., 1951, 27, 
419, 649; 1952, 28, 85, 142, 483), Doering and Knox (J. Amer. Chem. Soc., 1952, 74, 5683), 
and Doering and Hiskey (7b1d., p. 5688) suggest that 2-substituted cycloheptatrienones are 
produced by path Y. The orientation of the series of 2-substituted amino-methyleyclo- 
heptatrienones has been established conclusively by the Stevens-McFadyen decomposition 
of the hydrazino-compounds and their interconversions (Part IX) and also by the reduction 
of the isomeric 2-dimethylamino-compounds A and B to the 3- and 4-methyleycloheptanone, 
respectively, described above. But it is not established that, say, (IV; B = NH-NH,) is 
derived from (I; R = OMe) by path Y, and not from (II; R = OMe) by path X. The 
former alternative, 7.e., path Y, is favoured because the predominant, but not exclusive, 
reaction between a-hydroxymethylene-ketones (which are structurally related to 
tropolones) and amines or hydroxylamine occurs at the hydroxymethylene group (path Y) 
(Bishop, Claisen, and Sinclair, Annalen, 1894, 281, 314; Auwers, Bahr, and Frese, ibid., 
1925, 441, 54; Birch and Robinson, /., 1944, 501; Johnson and Shelberg, J]. Amer. Chem. 
Soc., 1945, 67, 1745; Woodward et al., ibid., 1951, 73, 2403). This mechanism is also 
supported by the interconversion reactions which are described below and summarised in 
the annexed scheme. If, as is reasonable, it is assumed that all these nucleophilic 
substitution reactions occur by the same mechanism, it follows that the product obtained 
from the methyl ether-A by a two-stage * process will be identical with that obtained by 
the appropriate one-stage process if path Y is involved throughout. On the other hand, 
if path X were operative the product of a two-stage process would differ from that obtained 
from the appropriate one-stage process. In the reactions studied it was found that 

f (1) Stevens~McFadyen Qu Ne, 34 rl 
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identical products were obtained from either the one- or the two-stage syntheses. 
Consequently, Ci) substitution (path Y) appears to be the correct mechanism for these 
reactions with amine derivatives, and the methyl ether-A, m. p. 96°, is, in fact, (I; R = Me) 
as was postulated in Part IX (loc. cit.). 

Reduction of 8-methyltropolone methyl ether-A and -B (I and II respectively; R = 
OMe) by lithium aluminium hydride has been examined. Extremely sharp-smelling 
lachrymatory yellow oils were produced by decomposition of the lithium complexes with 
dilute acid or dilute alkali, from which m-tolualdehyde and 3-methylbenzyl alcohol were 
isolated in good yield by distillation. Decomposition of the complex after a short reaction 
time (5 min.) yielded only the aldehyde whereas more vigorous conditions always gave a 


* By a “ two-stage’ process is meant that two separate nucleophilic substitution reactions have 
been performed on the original cycloheptatrienone derivative in order to obtain the required compound. 
Each such nucleophilic substitution is indicated by an asterisk in the reaction scheme. 
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mixture of aldehyde and alcohol. When the complex from the methyl ether-A was 
decomposed by dilute acid after a short reaction time, 4-methylcycloheptatrienone was also 
obtained and identified by reduction to 4-methylceycloheptanone (see Part IX, loc. cit.). 
This cycloheptatrienone was very soluble in water and sensitive to alkali (cf. Doering and 
Detert, J. Amer. Chem. Soc., 1951, 73, 876; Brown, J., 1951, 2670; Nozoe and his co- 
workers, Proc. Jap. Acad. Sct., 1951, 27, 419). Since the completion of these experiments 
Cook, Raphael, and Scott (J., 1952, 4416) have reported the isolation of benzaldehyde 
after lithium aluminium hydride reduction of tropolone methyl ether, and Eschenmoser 
and Rennhard (Helv. Chim. Acta, 1953, 36, 291) have partially reduced the tetramethyl 
ether of purpurogallin by this reagent. Both groups of workers assume a path X attack 
by lithium aluminium hydride. Tropolone ethers may be regarded as cyclic divinyl 
analogues of the enol ethers of ®-diketones. Seifert and Schinz (ibid., 1951, 34, 728), 
Conroy (J. Amer. Chem. Soc., 1952, 74, 3046), and Woodward and his co-workers (ibid., 
p. 4223) showed that lithium aluminium hydride reacted with the carbonyl rather than 
with the ether linkage of @-diketone enol ethers, but Dreiding and Hartman (ibid., 1953, 
75, 939) isolated reduction products which could only be explained by attack at both the 
carbonyl and the enol ether groups. The conversion of 8-methyltropolone methyl ether-A 
(I; R= OMe) by lithium aluminium hydride into a product, which, after catalytic 
reduction, gave 4-methylcycloheptanone, is strong evidence that reduction with lithium 
aluminium hydride occurs at the carbonyl group and involves a path X mechanism. 

The closely related reactions involving attack by organo-metallic compounds on the 
two methyl ethers and on the isomeric dimethylamino-compounds (I and II; R = NMe.,) 
have also been examined. Phenylmagnesium bromide reacted with the methyl ether-A 
forming a small amount of diphenyl-m-tolylmethanol, and a good yield of, probably, 
4( ?)-methyl-2-phenylcycloheptatrienone, m. p. 93°; more drastic Grignard attack on the 
isomeric methyl ether-B gave a higher yield of the same alcohol together with 6(?)-methyl- 
2-phenylcycloheptatrienone, m. p. 99°. Only diphenyl-m-tolylmethanol was isolated when 
the methyl ether-A was treated with phenyl-lithium. The isomeric dimethylamino- 
derivatives (I and II; R = NMe,) were also converted into the methylphenylcyclohepta- 
trienones, m. p. 93° and 99°, respectively, by treatment with phenylmagnesium bromide. 
These methylphenylcycloheptatrienones were readily decomposed by bases, but they were 
stable towards strong acids and formed hydrochlorides in ether although stable oxonium 
salts were not obtained by interaction with methyl iodide. Contrary to the findings of 
Dauben and Ringold (J. Amer. Chem. Soc., 1951, 73, 876), they reacted with typical 
carbonyl reagents such as 2:4-dinitrophenylhydrazine and phenylhydrazine, and the 
compound of m. p. 93° also gave two isomeric derivatives with hydroxylamine. One of 
these is probably an amino-compound, not an oxime, since it gave a green ferric test and 
evolved ammonia when refluxed with alkali (cf. Nozoe and his co-workers, Proc. Jap. 
Acad. Sct., 1951, 27, 419; 1952, 28, 287, 413, 477). The other derivative, which gave a 
red ferric test, was recovered unchanged after prolonged refluxing with ethanolic sodium 
hydroxide. Whilst these experiments were in progress, Nozoe and his co-workers 
(locc. cit., pp. 419, 142, 287, 413) and Doering and Hiskey (Joc. cit.) prepared 2-phenyl- and 
2-alkyl-cycloheptatrienones by reactions with organometallic compounds, and the Japanese 
workers also isolated benzenoid rearrangement products. These reactions of tropolone 
ethers with Grignard reagents probably proceed by path X by analogy with the lithium 
aluminium hydride reduction but this is not yet proven and, indeed, Doering and Hiskey 
and Nozoe propose a path Y mechanism. Woods (J. Amer. Chem. Soc., 1947, 69, 2549) 
and Woods and Tucker (7bid., 1948, 70, 2174) postulated, but did not establish, that the 
carbonyl group of @-diketone enol ethers reacted with Grignard reagents. The complete 
elucidation of the structure of the two methylphenylcycloheptatrienones, m. p. 93° and 99° 
respectively, obtained by the action of phenylmagnesium bromide on the two isomeric 
methyl ethers of -methyltropolone would provide valuable evidence regarding the 
mechanism of the Grignard reaction. Work in this direction is in progress. 

There are now several recorded reactions of tropolones and 2-substituted cyclohepta- 
trienones with nucleophilic reagents, the products, usually obtained in high yield, being 
either substituted cvcloheptatrienones or benzenoid rearrangement products, the balance 
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between the two competing reactions frequently depending on the conditions used; in 
general the yield of benzenoid product is increased by the use of more drastic experimental 
conditions. At this stage it does not seem possible to discover whether the cogenerated 
benzenoid compounds occur by attack at C,,) or Cg. Doering and Knox (loc. cit.) and 
Doering and Hiskey (loc. cit.) favour attack at Cy) followed by ring rearrangement, but 
Nozoe and his co-workers (e.g., Proc. Jap. Acad. Sct., 1951, 27, 419, 649; 1952, 28, 85, 142, 
483) suggested that attack at the carbonyl (C;,)) group was responsible for the production 
of benzenoid structures. It will be noted that paths X and Y discussed on p. 287, whilst 
leading to different 2-substituted cycloheptatrienones (III) and (IV), give the same 
benzenoid derivative, as shown below. The isolation of 3-methylbenzyl alcohol from the 
lithium aluminium hydride reduction, and of benzenoid alcohols from the Grignard 
reaction, indicates bimolecular attack of these reagents on the tropolone methyl ether 
molecule before decomposition of the organometallic complex occurs (cf. Nozoe and his co- 
workers, doc. cit., p. 142). 

2-Amino-6-methylcycloheptatrienone (I; R = NH,) reacted vigorously with nitrous 
acid at 0°; no diazonium compound could be detected, but 2-hydroxy-4-methylbenz- 
aldehyde and m-toluic acid were isolated. Similarly the isomeric 2-amino-4-methyleyclo- 
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heptatrienone (II; R = NH,) gave m-toluic acid and 2-hydroxy-6-methylbenzaldehyde. 
No @-methyltropolone could be detected in the products of either reaction, so that the 
rearrangement must proceed as shown and no hydroxyl-ion addition to the intermediate (V) 
occurs before ring contraction has taken place. The path P reaction here is analogous to 
the rearrangement undergone by a-amino-$-methyltropolone on similar treatment with 
nitrous acid (Part X, loc. cit.), but the path Q reaction is the first known example of rupture 
of the bond #y to the carbonyl-carbon atom C;,) to give a benzenoid rearrangement product. 
By a reaction comparable to alcoholysis of carboxylic acid esters, 2-tsobutoxy-6-methyl- 
cycloheptatrienone (I; R = OBu') was prepared from the corresponding methyl ether-A 


as +€:0 CO,H 
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(I; R = OMe) and ‘sobutanol containing a trace of sodium. This isobutyl ether, an oil, 

was converted into 2-anilino-6-methylcycloheptatrienone (I; R = NHPh) by warm aniline. 

When, however, the methyl ether-A was treated with methanolic sodium methoxide under 

more vigorous conditions, ring contraction occurred and m-toluic acid was isolated in poor 
L 
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yield, in contrast to the high yield reported by Doering and Knox (J. Amer. Chem. Soc., 
1951, 73, 828) for the analogous rearrangement of tropolone methyl ether. 

Various attempts to obtain a distillable product by the action of thionyl chloride or 
phosphorus trichloride on $-methyltropolone (cf. Abadir, Cook, Loudon, and Steel, /., 
1952, 2350) failed, but 2-chloro-6-methylcycloheptatrienone (I; R = Cl) was eventually 
prepared by addition of the hydrochloride of the corresponding hydrazino-compound 
(I; R = NH:NH,) to boiling cupric sulphate solution (cf. Nozoe e¢ al., loc. cit., p. 483). 
Warming this chloro-compound with aniline gave 2-anilino-6-methylcycloheptatrienone. 

In Part X (loc. cit.) persulphate oxidation of $-methyltropolone was shown to yield 
y-hydroxy-$-methyltropolone together with smaller amounts of an isomer. This isomer 
has now been proved to be «’-hydroxy-$-methyltropolone (VI) by catalytic reduction and 
subsequent oxidation with permanganate to #-methyladipic acid. Further examination 
of the oxidation of y-hydroxy-$-methyltropolone has shown that it is converted by the 
action of hot nitrous acid into a yellow, high-melting compound C,,H,,0; which gave a 
ferric test and a sparingly soluble orange sodium salt, and the structure (VII) is suggested 
for it. Owing to the insolubility of the product, molecular-weight determinations could 
not be made, but acetylation gave a diacetyl derivative, C.)H,,0,, which gave a negative 
ferric test and a Rast value supporting the bimolecular structure (VII). A similar 
compound was prepared by Nozoe and his colleagues (1bid., 1951, 27, 10; 1952, 28, 488) by 
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the action of hot nitrous acid on y-amino-$-tsopropyltropolone. Pyridinotropolones have 
been prepared by subjecting y-aminotropolone to either Doebner—Miller or Skraup reactions 
(Attridge and Slack, Chem. and Ind., 1952, 471; Cook, Loudon, and Steel, ib1d., p. 562), 
and 2 : 9-dimethylpyridino[2, 3-d]tropolone (VIII) has now been obtained by the action of 
paraldehyde or crotonaldehyde and hydrochloric acid on y-amino-$-methyltropolone. 
When y-amino-$-methyltropolone was boiled with ethyl acetoacetate, a condensation 
product (probably IX) was obtained in good yield, but cyclisation to a pyridinotropolone 
could not be brought about by sulphuric or phosphoric acid. 


EXPERIMENTAL 

2-A mino-6-methylcycloheptatrienone (I; R = NH,).—An improved yield (89%) of this 
compound (Part IX, J., 1951, 3427) was obtained by treating 2-methoxy-6-methylcyclohepta- 
trienone (I; R = OMe) (1-5 g.; m. p. 96°) with liquid ammonia (5 c.c.) in a sealed tube for 
5 days at room temperature. The copper complex separated from chloroform in pale green- 
brown platelets, m. p. 210° (decomp.) (Found: C, 58-3; H, 5-1; Cu, 19-0. C,,H,,0,N,Cu 
requires C, 57-9; H, 4-9; Cu, 19-2%). 

6-Methyl-2-morpholinocycloheptatrienone (I; R = CyH,ON).—The methyl ether-A (I; R 
OMe) (1-0 g.; m. p. 96°) was refluxed with morpholine (10 c.c.) for 50 hr. After low-pressure 
removal of excess of morpholine, 6-methyl-2-morpholinocycloheptatrienone crystallized from 
cyclohexane in pale yellow plates, m. p. 89—90° (Found : C, 70-3; H, 7:35; N, 6-7. C,,H,,O,N 
requires C, 70-2; H, 7:35; N, 68%), which did not combine with Brady’s reagent in 
methanol. 

2-Dimethylamino-6-methylcycloheptatrienone (I; R = NMe,).—The methyl ether-A (I; R 
OMe) (2-0 g.) and dimethylamine (4 c.c.) were kept in a sealed tube for 7 days at 20°. 
Distillation yielded 2-dimethylamino-6-methylcycloheptatrienone as a pale orange viscous oil 
(1:8 g.), b. p. 110—113°/0-5 mm., m. p. —2° to +2°, which gave a dark green ferric test in 
ethanol. The picrate crystallized from methanol in elongated yellow prisms, m. p. 182—183° 
(decomp.) (Found: C, 49-6; H, 4:4; N, 14:1. C,,H,,O,N, requires C, 49-0; H, 4:1; N, 
14:3%). The methiodide separated from ethanol in pale yellow needles, m. p. 131—132° 
(decomp.) (Found: C, 43-4; H, 5:3; N, 4:8. C,,H,,ONI requires C, 43-3; H, 5-3; N, 4-6%). 

2-Dimethylamino-4-methylcycloheptatrienone (II; Ik = NMe,) was prepared similarly in 
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90% yield from 6-methyltropolone methy] ether-B (m. p. 46°), as a viscous orange oil, b. p. 130° 
(bath) /0-3 mm. The picrate crystallized from ethanol in yellow prisms, m. p. 167—168° 
(decomp.) (Found: C, 49-3; H, 4:3; N, 14-2%), and the methiodide separated from ethanol in 
long pale yellow prisms, m. p. 152—153° (decomp.) (Found: N, 4:6%). 

Hydrogenolysis of 2-Dimethylamino-6-methylcycloheptatrienone.—No reduction took place in 
ethanol with a 10% palladium-charcoal catalyst. The dimethylamino-derivative (I; R= 
NMe,) (1-0 g.) in glacial acetic acid (20 c.c.) was shaken with hydrogen at room temperature in 
the presence of platinum oxide (0-082 g.); after 15 hr., 4 mols. of hydrogen were absorbed. 
The product, a sweet-smelling oil, b. p. 75—80°/12 mm. (0-9 g.), gave a semicarbazone, which 
after crystallization from ethyl acetate had m. p. 182—183°, undepressed by admixture with 
3-methylcycloheptanone semicarbazone (Part IX, Joc. cit.). 

Hydvrogenolysis of 2-Dimethylamino-4-methylcycloheptatrienone.—The dimethylamino-deriv- 
ative (II; R = NMe,) was reduced similarly in acetic acid solution; 5 mols. of hydrogen were 
absorbed in 12 hr. The product was oxidized with chromic acid, and the saturated ketone, 
isolated by ether-extraction of the steam-distillate, gave a semicarbazone which crystallized 
from ethyl acetate in colourless prisms, m. p. 158—159° undepressed by mixture with authentic 
t-methylcycloheptanone semicarbazone (Part IX). 

Action of Lithium Aluminium Hydride on 2-Methoxy-6-methylcycloheptatrienone [in part with 
J. D. Hospson].—(a) The ether-A (I; R = OMe) (1-0 g.) in ether (400 c.c.) was added to a slurry 
of lithium aluminium hydride (0-5 g.) in ether (50c.c.). After occasional shaking during 40 min., 
the lachrymatory complex, which had a sweet odour, was decomposed by gradual addition of 
2n-hydrochloric acid (100 c.c.). The ethereal layer was separated, the aqueous residue was 
extracted with ether (4 x 50 c.c.), and the combined ethereal solutions were dried (Na,SO,) 
and evaporated; an extremely lachrymatory oil, the bulk of which boiled at 80—100°/15 mm., 
was obtained. This sweet-smelling distillate contained approximately equal proportions of 
3-methylbenzyl alcohol (p-nitrobenzoate, m. p. 88—89°; 3: 5-dinitrobenzoate, m. p. 110— 
111°) and m-tolualdehyde (2: 4-dinitrophenylhydrazone, m. p. 212—213°; semicarbazone, 
m. p. 219—221°) which were identified by comparison with authentic samples (see below). 

Similar experiments were performed using the same quantities of reactants but with 
varying conditions : 

(6) After 6 hr. at 20° the complex was decomposed by very slow addition of 2N-sodium 
hydroxide, then steam-distilled; the products, isolated with ether (4 x 50 c.c.), contained 
3-methylbenzyl alcohol and m-tolualdehyde. 

(c) After 5 min. at 20° the complex was decomposed by rapid addition of 2N-sodium 
hydroxide; the products, isolated with ether, contained much m-tolualdehyde but no 3-methyl- 
benzyl alcohol. 

(dz) After 24 hr. at room temperature the complex was refluxed for 20 hr. and decomposed 
by very slow addition of water; the yellow oil contained approximately equal proportions of 
aldehyde and alcohol. 

(e) The reaction was carried out at —2°, and after 7 min. the complex was decomposed by 
slow addition of 2Nn-hydrochloric acid. The aqueous layer was extracted with ether 
(2 x 80 c.c.) and then continuously extracted with ether for 75 hr.; the latter extract, after 
drying, yielded a pale red oil, a portion of which gave a solid hydrochloride in dry ether, and 
another portion, after being refluxed with dilute hydrochloric acid, gave no ferric test, thus 
proving the absence of starting material. The remaining oil was reduced in ethanol with a 
10% palladium-charcoal catalyst; distillation of the product gave a colourless oil (0-11 g.), 
b. p. 74—-78°/12 mm., which yielded a semicarbazone, m. p. 158—159° undepressed by 
admixture with authentic 4-methylcycloheptanone semicarbazone (Part IX, Joc. cit.). 

3-Methylbenzyl alcohol, b. p. 97—100°/12 mm., was obtained in 97% yield by reducing 
m-toluoyl chloride with an ethereal slurry of lithium aluminium hydride. The p-nitrobenzoate 
crystallized from light petroleum (b. p. 60—80°) in colourless prisms, m. p. 88—89° (Found : 
C, 66-4; H, 4-8; N, 5-3. C,;H,,0,N requires C, 66-4; H, 4-8; N, 5-2%), and the 3: 5-dinitro- 
benzoate separated from the same solvent in colourless prisms, m. p. 111° (Found: C, 57-1; H, 
3°8. C,;H,,0,N, requires C, 57-0; H, 3-8%). 

m-Tolualdehyde, b. p. 72—74°/12 mm., was prepared in 75% yield by reducing m-toluoyl 
chloride in boiling xylene with hydrogen during 4 hr., with 5% palladium—barium sulphate 
poisoned by 1% of ‘‘ quinoline-S.’’ The 2: 4-dinitrophenylhydrazone crystallized from acetic 
acid in elongated scarlet prisms, m. p. 212—213° (Bowen and Williams, J., 1950, 750, give 
m. p. 211-5—212-5°), and the semicarbazone separated from pentan-1l-ol in colourless prisms, 
m. p. 221—-223° (G.P. 268,786 gives m. p. 223—-224°). 
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Action of Phenylmagnesium Bromide on 2-Methoxy-6-methylcycloheptatrienone.—A solution 
of 2-methoxy-6-methylcycloheptatrienone (I; R = OMe) (6-0 g.) in warm benzene (200 c.c.) 
was slowly added to a Grignard reagent prepared from magnesium (2-3 g.) and bromobenzene 
(14-6 g.) in ether (80 c.c.), and after 30 min. at 30° the pale yellow solution was refluxed for 
40 min., diluted with ether (500 c.c.), and decomposed by addition of a saturated solution 
(20 c.c.) of ammonium chloride. The red upper layer was concentrated to 100c.c. and saturated 
with hydrogen chloride, and after 1 hr. the solution was decanted from the precipitated red oil 
and evaporated. Traces of diphenyl were removed in steam, and the remaining neutral 
products were taken up in ether, dried, and evaporated, and the residue was absorbed on a 
column of alumina; elution with light petroleum (b. p. 60—80°) gave diphenyl-m-tolylmethanol, 
m. p. 67—-68° undepressed on admixture with an authentic specimen, m. p. 68—69° (Bowen 
and Thomas, J., 1940, 1242). The precipitated dark red hydrochloride was neutralized with 
2n-sodium hydroxide, and the product, isolated with ether, was absorbed on alumina, eluted 
with a mixture of light petroleum (b. p. 60—80°) (7 parts) and benzene (3 parts), and crystallized 
from cyclohexane; 4( ?)-methyl-2-phenylcycloheptatrienone (5-1 g.) was obtained as pale buff 
prisms, m. p. 92—93° (Found: C, 85-5; H, 6-2. C,,H,,O requires C, 85-7; H, 6-2%), which 
were sparingly soluble in cold water, dilute acids, or light petroleum (b. p. 60—80°), moderately 
soluble in warm water, 5N-hydrochloric acid, and ether, very soluble in hydroxylic organic 
solvents, and rapidly decomposed by bases (sodium hydroxide or methoxide) to a dark brown 
solution. An unstable hydrochloride, m. p. 137—139° (decomp.), was precipitated from an 
ethereal solution of the cycloheptatrienone by hydrogen chloride, but no reaction was observed 
with picric acid or methyl iodide. The 2: 4-dinitrophenylhydrazone, prepared in methanol, 
separated from ethanol or acetic acid in very dark red prisms, m. p. 171—172° (Found: C, 
63-8; H, 4:2; N, 15-2. C,9H,,0,N, requires C, 63-8; H, 4:3; N, 14:9%). 4(?)-Methyl-2- 
phenylcycloheptatrienone (0-5 g.), hydroxylamine hydrochloride (0-5 g.), and pyridine (3 c.c.) 
were heated at 100° for 4 hr., the pyridine was then evaporated, and 2n-hydrochloric acid 
(20 c.c.) was added. Ether-extraction (5 x 30 c.c.) left a small insoluble compound which 
crystallized from ethanol in pale yellow rhombs, m. p. 238—239° (Found: C, 79-7; H, 6-25; 
N, 6-6. C,,H,,ON requires C, 79-6; H, 6-2; N, 6-6%), which gave a dark green ferric test. 
The ethereal extract yielded orange prisms, m. p. 187—-188° (after crystallization from ethanol) 
(Found: C, 79:3; H, 6-2; N, 665%), which gave a red ferric test. The isomer, m. p. 238°, 
evolved ammonia when refluxed with ethanolic 2N-potassium hydroxide, but the compound, 
m. p. 187°, was recovered unchanged from prolonged refluxing with ethanolic 2N-potassium 
hydroxide. 

Action of Phenylmagnesium Bromide on 2-Methoxy-4-methylcycloheptatrienone.—The reaction 
was carried out in benzene-ether solution as described above, and, after removal of the ether, 
the benzene solution was refluxed for 2 hr. before decomposition with ice and 2N-sulphuric acid. 
The diphenyl (1-8 g.) was removed in steam, and the aqueous residue was extracted with ether, 
and the products were absorbed on a column of alumina. Elution with light petroleum (b. p. 
60—80°) gave diphenyl-m-tolylmethanol (0-8 g.), m. p. 67—68°, and further elution with 
1:1 light petroleum (b. p. 60—80°)—benzene yielded 6( ?)-methyl-2-phenylcycloheptatrienone, 
which crystallized from cyclohexane in pale buff prisms (2-6 g.), m. p. 98—99° (Found: C, 85-5; 
H, 6-1%), with properties similar to those described above for the isomer. The phenylhydrazone 
crystallized from ethanol in long orange prisms, m. p. 155—156° (Found: C, 83-7; H, 6-6; N, 
9-7. CyoH,,N, requires C, 83-9; H, 6-3; N, 9-8%). 

Action of Phenylmagnesium Bromide on 2-Dimethylamino-6- and 2-Dimethylamino-4-methyl- 
cycloheptatrienone.—The dimethylamino-compound (I; R = NMe,) (4-7 g.) in ether (200 c.c.) 
was added to phenylmagnesium bromide, prepared from magnesium (4-4 g.) and bromobenzene 
(28-3 g.) in ether (200 c.c.), and after refluxing for 6 hr. the solution was decomposed with ice 
(100 g.) and 36n-sulphuric acid (10 c.c.). The ether was removed, diphenyl was distilled in 
steam, and the aqueous residue was continuously extracted with ether for 24 hr. The dried 
ethereal extract was absorbed on a charcoal column; elution with 1: 1 light petroleum (b. p. 
60—80°)—benzene gave 4(?)-methyl-2-phenylcycloheptatrienone (3-6 g.), m. p. 92—93° after 
crystallization from cyclohexane. 

In a similar manner, 6( ?)-methyl-2-phenylcycloheptatrienone, m. p. 97—-98°, was prepared 
from 2-dimethylamino-4-methylcycloheptatrienone (II; R = NMe,). 

Action of Nitrous Acid on 2-Amino-6-methylcycloheptatrienone.—Sodium nitrite (0-6 g.) in 
water (30 c.c.) was added to the amino-compound (I; RK = NH,) (1-0 g.):dissolved in water 
(30 c.c.) and 2n-hydrochloric acid (13 c.c.), the temperature being kept below —5°. Vigorous 
effervescence took place and the solution became brown, but on addition of a portion to alkaline 
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6-naphthol no azo-dye was produced. The remaining solution was distilled in steam; the 
2-hydroxy-4-methylbenzaldehyde which separated from the first 20 c.c. of the distillate had 
m. p. 60—61° after crystallization from 50% ethanol and gave a semicarbazone as white platelets 
(from pentan-l-ol), m. p. 267—268° (Anselmino, Ber., 1917, 50, 395, gives m. p. 268°), and a 
2: 4-dinitrophenylhydrazone, which crystallized from glacial acetic acid in scarlet prisms, m. p. 
266—267° (Found: C, 53-1; H, 4:0; N, 18-1. C,gH,,O;Nq requires C, 53-2; H, 3-8; N, 
17:7%). The absence of B-methyltropolone in the steam-distillate was demonstrated by the 
failure of a chloroform extract to give a ferric test. The remaining steam-distillate (400 c.c.) 
was extracted with ether and acids were taken up in sodium hydrogen carbonate solution, 
recovered with ether, and crystallized from hot water (charcoal); m-toluic acid, m. p. 110— 
112°, was obtained and identified by comparison with an authentic specimen, and by preparation 
of the amide, m. p. 90—92°. 

Action of Nitrous Acid on 2-Amino-4-methylcycloheptatrienone.—The reaction was carried 
out as described above, and two fractions (each 100 c.c.) of steam-distillate were collected. 
Fraction (1) gave 2-hydroxy-6-methylbenzaldehyde, which separated from 50% ethanol in pale 
yellow needles, m. p. 30—31° (Chuit and Bolsing, Bull. Soc. chim., 1906, 35, 139, give m. p. 31°) ; 
the semicarbazone crystallized from pentanol in colourless prisms, m. p. 213—214° (decomp.) 
(Chuit and Bolsing, loc. cit., give m. p. 212—214°), and the 2 : 4-dinitrophenvlhydrazone crystal- 
lised from acetic acid in elongated scarlet prisms, m. p. 262—263° (Found : C, 52-7; H, 3-6; N, 
17-7. C,4H,.0;N, requires C, 53-2; H, 3-8; N, 17-7%). The aldehyde was also converted into 
2-hydroxy-6-methylbenzoic acid, m. p. 166—168°, by oxidation with alkaline silver oxide. 
Fraction (2) yielded m-toluic acid, but 8-methyltropolone was not present in the steam-distillate. 

2-isoButoxy-6-methylcycloheptatrienone (I; Ik = OBu').—The methyl ether (1; R = OMe) 
(0-5 g.) was added to isobutanol (30 c.c.) containing a small amount (0-01 g.) of sodium. The 
alcohol was removed at 20 mm., and the colour of the solution changed from blue through green 
to brown. After dilution with ether, the solution was filtered from a small amount of solid and 
evaporated. Addition of methanolic picric acid to the residual red oil gave the picrate which 
crystallized from ethanol in yellow plates, m. p. 144—145° (decomp.) (Found: C, 51-0; H, 4-6; 
N, 10-1. CygH,,0,N, requires C, 51-3; H, 4:5; N, 10-0%). The ether, recovered from the 
picrate, was a pale yellow oil, b. p. 170°(bath)/0-5 mm., which was hydrolyzed to @-methyl- 
tropolone by hot acids or alkalis and gave 2-anilino-6-methylcycloheptatrienone, m. p. 121— 
122° (Part IX, loc. cit.), on being heated with excess of aniline at 150° for 11 hr. 

Action of Sodium Methoxide on 2-Methoxy-6-methylcycloheptatrienone.—8-Methyltropolone 
methyl ether-A (I; R = OMe) (0-2 g.) was recovered unchanged after 80 min. in warm methanol 
(8 c.c.) containing sodium (0-04 g.), but 20 hr.’ refluxing of the ether-A (1-0 g.) with sodium 
(0-2 g.) in methanol (40 c.c.) followed by evaporation gave a neutral oil converted by warm 
4n-sodium hydroxide (5 c.c.) into m-toluic acid (0-005 g.), m. p. 108—111°. 

2-Chloro-6-methylcycloheptatrienone (1; R = Cl).—2-Hydrazino-6-methyleycloheptatrienone 
(1-9 g.; m. p. 134—135°, not 124° as erroneously reported in Part IX, loc. cit.) in 10N-hydro- 
chloric acid (5 c.c.) was added to a boiling solution of hydrated cupric sulphate (19 g.) in water 
(19 c.c.). After 3 min., when evolution of nitrogen had ceased, extraction with chloroform 
(6 x 50 c.c.) yielded an oil, b. p. 160° (bath) /0-3 mm., which solidified and crystallised from 
light petroleum (b. p. 60—80°) in long colourless prisms, m. p. 58—59° (Found: C, 62-3; H, 
4:6; Cl, 22-5. C,H OCI requires C, 62-2; H, 4-6; Cl, 22-99%). 2-Chloro-6-methylcyclohepta- 
trienone, which slowly decomposed, did not react with methanolic silver nitrate or 2 : 4-dinitro- 
phenylhydrazone, but it was converted into 2-anilino-6-methylcycloheptatrienone, m. p. 121 
122°, by an excess of aniline at 140°. 

Constitution of «’-Hydroxy-B-methyitropolone.—a«’-Hydroxy-f-methyltropolone (0-5 g.) was 
shaken in alcohol (10 c.c.) with Adams’s catalyst (0-028 g.) in hydrogen. Absorption ceased 
after 5 hr. when hydrogen uptake was 180 c.c. The non-ketonic oily product was oxidized in 
water (5 c.c.) containing 2N-sodium carbonate (8 c.c.) with potassium permanganate (0:8 g.). 
After 2 hr., the solution was acidified with 2N-sulphuric acid, reduced with sodium metabi- 
sulphite, and extracted with ether. The acidic portion was separated with sodium carbonate 
and recovered with ether as an oil which partly crystallized and gave an anilide which separated 
from alcohol in long plates, m. p. 199—200° alone or mixed with an authentic sample of the 
anilide of 6-methyladipic acid. 

Oxidation of y-Hydroxy-B-methyliropolone with Nitrous Acid.—The hydroxy-compound 
(0-3 g.) was dissolved in boiling N-sulphuric acid (50 c.c.), and sodium nitrite (0-2 g.) in water 
(1 c.c.) gradually added. The brown-yellow precipitate was digested with a little hot alcohol, 
collected, sublimed at 290—300°/0-05 mm., and crystallized from formic acid as yellow needles, 
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m. p. >350° (Found: C, 67-4, 67-7; H, 4:2, 4:3. C,H ,,0, requires C, 67-6; H, 4:3%), giving 
a positive ferric test in dioxan and a sparingly soluble orange sodium salt with aqueous sodium 
hydroxide. It did not react with boiling aniline, Brady’s reagent, or sulphurous acid. The 
product (7: 12-dihydroxy-2-oxatricyclo[8 : 5 : 0°**|pentadecane-6 : 13-dione) (VII) (0-15 g.), 
acetic anhydride (1 c.c.), and a trace of pyridine were refluxed for 1 hr.; the diacetate, which 
separated on cooling, crystallized from acetic acid—alcohol in cream-coloured needles, m. p. 285 
(decomp.) [Found: C, 64-9; H, 4.5%; M (Rast), 345. C,9H,,0, requires C, 65-2; H, 44%; 
M, 368] which regenerated the parent substance (VII) after brief warming with acid or alkali; 
the diacetate gave a green furan test with the Liebermann—Burckhardt reagent, but did not 
react with the aniline—hydrochloric acid reagent. 

2: 9-Dimethylpyridino[2, 3-d]tropolone (VIII).—y-Amino-f-methyltropolone (0-3 g.), par- 
aldehyde (0-4 g.), and concentrated hydrochloric acid (1 c.c.) were refluxed for} hr. The dark 
mixture was diluted with water, filtered from a little amorphous material, basified with 
ammonia, and acidified with acetic acid. Extraction with ether (4 x 25 c.c.) and sublimation 
of the ethereal residue gave the base (0-5 g.) which separated from benzene in pale yellow needles, 
m. p. 192—193° (Found: C, 71-9; H, 5-7; N, 7-4. C,.H,,O,N requires C, 71-6; H, 5-5; N, 
7:0%), dissolved in both acids and bases, and gave a brown ferric test. Methiodide formation 
was not observed in acetone. 

Condensation of y-Amino-8-methyltropolone with Ethyl A cetoacetate—The y-amine (0-3 g.) and 
ethyl acetoacetate (2 c.c.) were boiled for 2 min.; addition of a little methanol precipitated 
y-(2-ethoxycarbonyl-1-methylethylideneamino) -8-methyltropolone (IX) (0-3 g.) which separated from 
methanol in cream-coloured prisms, m. p. 155—156° (Found: C, 61-4; H, 5-4; N, 6:3. 
C,.H,,0,N requires C, 61-3; H, 5-6; N, 6-0%), giving a green ferric test. Attempted cycliz- 
ation with concentrated sulphuric acid at 100° or 160—170°, fuming sulphuric acid (15% of 
SO ;) at 0°, or phosphoric acid containing 20% of phosphoric oxide at 100° gave y-amino-f- 
methyltropolone. 

Some Derivatives of B-Formyltropolone [with J. D. Hospson].—Attempts to form a pheny]l- 
hydrazone gave a phenylhydrazine salt, which crystallized from benzene or aqueous methanol in 
red prisms, m. p. 126° (decomp.) (Found: C, 65-3; H, 5-4; N, 11-5. C,,H,,0;N, requires C, 
65:1; H, 5-4; N, 10-9%). §6-Formyltropolone with p-toluidine in warm acetic acid gave an 
azomethine which separated from ethanol in yellow needles, m. p. 141—142° (Found: C, 75-0; 
H, 5-6; N, 6-0. C,;H,,0,N requires C, 75-3; H, 5-5; N, 5-9%). 

8-Methyl-y-nitrotropolone O-Methyl Ether.—Excess of ethereal diazomethane was added to 
6-methyl-y-nitrotropolone and after 2 hr. at room temperature the precipitated ether was collected 
and crystallized from alcohol; yellow needles, m. p. 188—189° (Found: C, 55-8; H, 4:7; N, 
7:3. C,H,O,N requires C, 55-4; H, 4-6; N, 7-2%), were obtained, which gave a negative ferric 
reaction and were rapidly hydrolyzed to 6-methyl-y-nitrotropolone with dilute neutral acid. 
Isomeric ethers could not be isolated from the mother-liquors. 
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The Reaction of Amino-compounds with Sugars. Part ILI.* 
The Action of Ammonia on Melibiose. 


By L. Houcu, J. K. N. Jones, and E. L. RicHarpDs. 
[Reprint Order No. 4746.] 


Melibiose in aqueous ammonia is isomerised to melibiulose and 6-O-a«-p- 
galactopyranosyl-8-p-mannose. Alkaline degradation of melibiose then 
takes place with the production of p-tagatose and p-galactose. 


In Part II,* ammonia was shown to isomerise maltose and lactose to maltulose and 
lactulose and then to cause fission of these 1 : 4-linked disaccharides to D-glucose and 
p-galactose respectively. It was of interest therefore to investigate the action of ammonia 
on melibiose, which contains a 1 : 6-linkage, since it may afford some clue as to the 
mechanism of this degradation. Corbett and Kenner (J., 1953, 2245) find that, with 
lime-water, lactose is split to give D-galactose and a- and §-tsosaccharinic acid, and they 
suggest that lactose is converted into lactulose, a 6-hydroxy-carbonyl compound, followed 
by degradation through the af$-unsaturated ketone. 

As with other reducing sugars, a solution of melibiose in aqueous ammonia developed a 
reddish-brown colour. By following the course of the reaction on paper chromatograms, 
it was observed that melibiose was isomerised to other disaccharides and that alkaline 
fission took place, galactose and its isomer tagatose being formed. The mixture was 
separated by partition chromatography on a cellulose column. 

Many heterocyclic compounds were produced during the reaction of ammonia with 
melibiose, but 4(5)-methylglyoxaline was the only one identified conclusively. A glycosyl- 
ketose and a second aldobiose were obtained in a mixed fraction from which the aldobiose 
crystallised. The latter was characterised as 6-O-«-D-galactopyranosyl-$-D-mannose, 
which had been isolated previously by Whistler and Durso (J. Amer. Chem. Soc., 1951, 
73, 4189) on the partial acid hydrolysis of the mannogalactan of the endosperm mucilage 
guaran. When the aldobioses were removed from the glycosyl-ketose, by bromine 
oxidation followed by treatment with ion-exchange resins, the glycosyl-ketose was left as a 
syrup. It was characterised by conversion into melibiosazone. On acid hydrolysis it gave 
galactose and fructose. The glycosyl-ketose is thus melibiulose (6-O-«-D-galactopyranosyl- 
D-fructose). 

p-Galactose was obtained from the melibiose-ammonia mixture as a syrup, which, 
when vigorously dried, crystallised in the $-form. From damp methanol it crystallised in 
the better known «-form. The sugar was further characterised as the methylphenyl- 
hydrazone. D-Tagatose was also isolated and crystallised ; its identification was confirmed 
by the preparation from it of D-galactosazone. 

D-Galactose probably arises by fragmentation of the reducing portion of the 
disaccharide, as is known to occur with the hexoses (cf. Annalen, 1907, 357, 294). One 
might then expect to obtain 1-, 2-, 3-, 4-, and 5-carbon fragments, depending on the 
structure of the disaccharide. Thus the disaccharide could be degraded to an active form 
of the type postulated by Isbell (/. Res. Nat. Bur. Stand., 1941, 26, 35) and undergo 
hydrolysis. Thus a nonose containing a galactose residue could be further split by the 
8-hydroxy-carbonyl mechanism to give galactose and a triose unit. 

In the light of Corbett and Kenner’s results (loc. cit.), the melibiose-ammonia mixture 
was examined for the presence of saccharic acids, but only small amounts of acids were 
detected. 


EXPERIMENTAL 


Analyses are by Mr. B. S. Noyes of Bristol. Evaporations were carried out under reduced 
pressure. Details of chromatographic separations on filter paper and columns of cellulose are 
given in Part I. Rg values were determined with z-butanol-ethanol-water (40:11: 19), 
unless otherwise stated. 


* Part II, J., 1953, 2005. 
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Reaction of Melibiose with Ammonia.—Melibiose (7 g.), prepared from raffinose by a 
modification of Hudson and Harding’s method (J. Amer. Chem. Soc., 1915, 37, 2734), was 
dissolved in water (200 ml.) and ammonia (50 ml.; d 0-88), and kept in a stoppered vessel 
(250 ml.) at 37° for 3 days in the absence of air. Rigorous exclusion of air was not attempted. 
The course of the reaction was followed by examining samples on paper chromatograms. After 
3 hr., there were, in addition to melibiose (Rg 0-038), spots at Rg, 0-064 and 0-155 with the 
characteristics of melibiulose and galactose. After 18 hr., the spots at Rg 0-064 and 0-155 were 
much stronger, and a spot had appeared at Rg 0-22, corresponding to tagatose. This pattern 
was very little changed after 44 hr. The solution was concentrated to a thin syrup which was 
transferred to a column of cellulose and fractionated, with butanol half-saturated with water as 
the mobile phase. 

Fraction 1. <A syrup (0-46 g.), which on paper chromatograms sprayed with diazotised 
sulphanilic acid spray gave a bright red spot at Rg 1-1 at the head of a red trail and at Rg 1-0, 
a red spot with a yellow centre and red trail, suggesting the presence of glyoxalines. The latter 
spot also gave a brown colour and trail with the ammoniacal silver nitrate spray. This spray 
also gave a strong spot at FR, 0-53 and weak spots at Fg 0-89, 0-67, and 0-61. 

The basic glyoxalines were isolated by passing the fraction dissolved in water down a column 
of Amberlite resin IR-120. The column was washed with distilled water, and the effluent and 
washings were concentrated to a syrup (0-05g.) which consisted mainly of the compound 
Rg 0-53, but which also contained compounds with Rg 0-89, 0-67, and 0-61. The column was 
then washed with 2N-ammonia until the washings no longer gave a colour with the diazotised 
sulphanilic acid. The ammoniacal washings were then concentrated to a syrup (0-3 g.), which 
was a mixture of glyoxalines. This was separated by chromatography on sheets of 
Whatman No. | filter paper, to give a syrup (0-1 g.) from which a picrate was prepared, 
m. p. 161°, which on admixture did not depress the m. p. of 4(5)-methylglyoxaline picrate 
(m. p. 158°). 

Fraction 2 (0-1 g.) contained mainly acompound of FR, 0-38 which gave a brown spot with the 
ammoniacal silver nitrate and a very pale yellow spot with the p-anisidine spray, but no colour 
with diazotised sulphanilic acid. The fraction was not further investigated. 

Fraction 3 (0-19 g.) was indistinguishable from tagatose (Rg 0-22) on paper chromatograms. 
The syrup was dissolved in water and passed down a small column of charcoal—Celite (1 : 1 parts 
w/w; 1-5 g.). The eluate was concentrated to a colourless syrup (0-08 g.), which was dried, 
thinned with methanol, and seeded. At 0° it crystallised to give crystals of m. p. 147° (138° 
when admixed with genuine D-tagatose, m. p. 135°). With aqueous phenylhydrazine it yielded 
an osazone, m. p. 185°, not depressed on admixture with genuine p-galactosazone (m. p. 185°) 
and with a crystalline form identical with that of p-galactosazone. 

Fraction 4 (0-62 g.) behaved chromatographically as galactose (Rg 0-16). The syrup was 
dried by repeated evaporation from methanol; it then crystallised from absolute methanol 
at 0°, to give 2-p-galactose, m. p. 149°, [a], +63° —w» -+78° + 4° (equil.) (c, 0-945 in H,O). 
When the sugar was crystallised from damp methanol, it yielded «-p-galactose, m. p. and mixed 
m. p. 162°, [a], +97° —w» + 78° (equil.) (c, 1-28 in H,O). The sugar gave p-galactose methyl- 
phenylhydrazone, m. p. and mixed m. p. 185°. 

Fraction 5 (0-06 g.) on chromatographic analysis was found to contain galactose (J?,,, 1-0), 
a compound Rg,; 0-5, and a compound Rg, 0-62 which gave a pinkish-brown spot with the 
p-anisidine spray, suggestive of a dissacharide containing a pentose unit. The fraction was 
further separated on sheets of filter paper with butanol-ethanol—water as the mobile phase, and 
the strips containing the sugar F,,, 0:62 extracted with methanol to give a syrup (0-015 g.), 

+ 91° +. 2° (c, 0-77 in H,O). The sugar was hydrolysed with N-sulphuric acid at 100° for 
The solution was neutralised by shaking it with Amberlite resin IR-4B. Chromato- 
graphic analysis of the concentrated eluate revealed the presence of galactose and a pentose. 

Fraction 6 (0-48 g.) contained a glycosyl-ketose (Rg, 0-5) and a compound Rg,, 0-44, which 
gave a brown colour with the ammoniacal silver nitrate and p-anisidine sprays. The syrup 
was dissolved in methanol, filtered, and gradually gave crystals (0-19 g.) which, on recrystallis- 
ation from methanol, gave 6-O-x«-p-galactopyranosyl-8-p-mannopyranose, m. p. 197°, [a], 

123° —» 127-5° (equil.) (c, 0-76 in H,O) (Found: C, 42-2; H, 6-6. Calc. for C,,H,,0,, : 
C, 42-1; H, 6-4%). Whistler and Durso (J. Amer. Chem. Soc., 1951, 78, 4189) report m. p. 
201—201-5°, [x], +-121° —» 125° (c, 2:15in H,O). The disaccharide (0-03 g.) was hydrolysed 
with N-sulphuric acid at 100° for 4 hr., neutralised by shaking it with Amberlite resin IR-4B, 
and concentrated. Paper chromatography of this concentrate showed equal parts of galactose 
and mannose. 
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Fraction 7 (2-9 g.) on chromatographic analysis was observed to be a mixture of the glycosyl- 
ketose (Rg 0:5), 6-O-x-p-galactopyranosyl-p-mannose (Rg,, 0-44), and melibiose (Fg, 0-34). 
The syrup was dissolved in bromine-water and kept at room temperature, with shaking in the 
presence of excess of barium benzoate, for 3 days. Aldonic acids were removed and the ketose 
was isolated as described in the preparation of maltulose (Part II). The product (0-38 g.) was 
purified by chromatography on sheets of Whatman No. | filter paper; melibiulose (0-19 g.), 
[%]p +125° (c, 1-8 in H,O), was separated from a small amount of a compound moving just 
ahead of the glycosyl-ketose and giving a pinkish-brown spot with the p-anisidine spray. With 
aqueous phenylhydrazine acetate the glycosyl-ketose gave an osazone, m. p. 175° not depressed 
on admixture with genuine melibiosazone, m. p. 176—177°, and with an identical crystalline 
form. The disaccharide was hydrolysed by heating it in a sealed tube with 2% oxalic acid at 
100° overnight. The hydrolysis mixture was neutralised with Amberlite resin IR-4B and 
concentrated. Examination on paper chromatograms showed the presence of only galactose and 
fructose when run in butanol-ethanol—water and ethyl acetate—acetic acid—formic acid—water, 
and sprayed with the p-anisidine or resorcinol sprays. 
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Photochromism and Reversible Multiple Internal Transitions in Some 
spiroPyrans at Low Temperatures. Part I. 
By YEHUDA HIRSHBERG and ERNST FISCHER. 
[Reprint Order No. 4553.] 


When solutions of several spivopyrans are irradiated with ultra-violet 
light at about —100°, coloured modifications are produced. These are spectro- 
scopically identical with those developed on heating (‘‘ thermochromism’’). 
From the temperature dependence of the rate of spontaneous disappear- 
ance of colour, the critical increment and the frequency factor of the thermal 
reversion to the colourless modification are estimated for several compounds. 

Reversion to the colourless form can also be effected by irradiation of 
the dye with yellow light. 

Ultra-violet irradiation at about —170° gives different dyes which pass 
into those described above at somewhat higher, closely defined temperatures. 
Several of the compounds give three distinct coloured modifications. 

An apparatus is described for spectrophotometric determinations at any 


temperature between +-180° and —180°. 


PHOTOCHROMISM has been recorded for compounds related to dianthronylidene (Hirshberg 
and Fischer, J., 1953, 629) and for two sfiropyrans (Fischer and Hirshberg, /J., 1952, 
4522). The present paper describes results obtained with eight sfiropyrans, namely, 
bisspivo-2 : 2’-(5 : 6-benzopyran) (I), 5: 6-benzopyran-2-spivo-2’-@-naphthopyran (II) and 
its 3- and 3’-methyl derivative, 3 : 3’-dimethylbiss27o-2 : 2’-(8-naphthopyran) (III; 
R = Me) and the corresponding ester (III; R = CO,Et) and 3 : 3’-trimethylene derivative 
(IV), and 1 : 3: 3-trimethylindoline-2-spiro-6'-(2' : 3'-8-naphthopyran) (V). 

Compound (II) and its 3-methy] derivative (see Fig. 1), and compound (V), are strongly 
thermochromic, (IV) shows only slight thermochromism, and the other compounds are 
not thermochromic. The height and area of the absorption peaks shown in Fig. 1 for the 
visible range increase with temperature, in accordance with the accepted view that the 
thermal equilibrium between the colourless and the coloured modification is shifted in 
favour of the latter at elevated temperatures (Knott, /., 1951, 3038). In polar solvents a 
much higher proportion of the compound exists in form of the coloured modification (cf. 
Knott, oc. cit., and Chaudé and Rumpf, Compt. rend., 1951, 238, 405). 
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All the compounds except (III; R= Me and CO,Et) exhibit pronounced photo- 
chromism, t.¢., when their solutions are irradiated with ultra-violet light at —115°, very 
intensely coloured dyes are developed. Comparison of Fig. 2, curves C, with Fig. 1 shows 
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that, in those compounds which exhibit both thermochromism and photochromism, the 
respective coloured modifications are apparently spectroscopically identical. 


T : a T tT ' ‘ T 
100° 

i \ Compound | 3-Methy/ derivative of 
\ ap (II) 


Fic. 1. Absorption spectra of thermochromic 
spivans at several temperatures (4-cm. cell, 
concn. 1 g./l.). Full curves: in xylene. 
Broken curves : in benzyl alcohol. 
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If one assumes that ultra-violet irradiation at —115° causes complete conversion into 
the coloured modification, values of 10,000—100,000 are obtained for the molar extinction 
coefficients, ¢, as shown in the following [able (solutions in methylcyclohexane) : 

Compound (I) (II) 3-Me deriv. of (II) 3’-Me deriv. of (II) (IV) (V) 
Absorption peak (mp) 485 540 535 560 580 580 
€ at peak 34,000 40,000 49,000 25,000 28,000 67,000 
The high values of ¢ indeed indicate that the above assumption is in the main justified. 
Furthermore, comparison of the apparent values for e calculated from the data recorded 
in Figs. 1 and 2 shows that even at +-120° only a very small fraction of the respective 
compounds exists in form of the coloured modification. 
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For all of the photochromic compounds except (V), the absorption peaks in the visible 
region in ethanol solutions are shifted towards longer wave-lengths by 20—40 my, compared 
with solutions in methyleyclohexane. This is analogous to the solvent effect observed in 
thermochromism. 

When solutions of sPiropyrans in methyleyclohexane at concentrations exceeding about 
4 mg./l. are irradiated at —100°, the coloured modifications are sometimes precipitated as 
minute flakes. It appears that such solutions, in which flocculation has not occurred, 


Fic. 2. Absorption spectra after ultra-violet irradiation at —170° (curves A), at —150° (curves B), 
and at —115° (curves G). (Solutions in methylcyclohexane, 2-cm. cell.) 
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are supersaturated, but are stabilised in this state by the low temperatures involved. 
precipitation was observed with ethanol solutions, even at much higher concentrations. 

The dependence of absorption on concentration was measured in a broad range of 
concentrations, with absorption cells of 0-5—20-mm. light path. The results for methyl- 
cyclohexane solutions of (V) at —100°, given in the following Table, show that Beer’s law 
holds up to concentrations of about 50 mg./I. : 


Comeen retin (EY ecesasssencoces saeees cvs 0 20 40 100 
“1s 0-25 0-52 1-10 


Optical density (0-5-mm. cell) 
This conclusion involves the assumption that at each concentration low-temperature 


irradiation results in the same degree of conversion into the coloured form. 
All the coloured modifications formed at low temperatures spontaneously revert to the 
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original colourless modifications at rates depending on the temperature. This was investig- 
ated with the aid of a special attachment to the spectrophotometer, by means of which 
absorption measurements could be carried out at closely controlled temperatures as low as 
—170°. Kinetic measurements were carried out in 2-cm. cells, at correspondingly low 
concentrations. For compounds (II), the 3-methy] derivative of (II), and (V), the reversion 
was found to be a first-order reaction. The following Table shows the reaction rates for 
solutions of (V) in methylcyclohexane, at —67-5°, at several total concentrations, on the 
assumption that the concentration of the dye immediately after irradiation is proportional 
to the total concentration : 

Total concn. (mg. /1.) * “5 , 2-0 

i) cc adeathessasoee 0-09 
The rates of reversion were measured for each compound at several temperatures, as 
illustrated by the following data for compound (IT) in methylceyclohexane : 


PRBS ainsi issepiorgksoosy: See —79-5° . 
OT) . cca Cees 0-048 “13: . 0-653 


The next Table summarises the values obtained for the critical increment and the frequency 
factor (E and A in the equation In k = In A—E/RT) from the rectilinear plots of log k 
against the reciprocal of the absolute temperature. 
(II) in methyl- 3-Methyl deriv. of (IJ) in (V) in methyl- (V) in 
cyclohexane methylcyclohexane cyclohexane ethanol 
al./mole) ... 11-0 13-0 18-5 19-3 
Sous aeaemene 9-3 11:3 16-7 16-0 
(E and log A are accurate within about 0-5 unit.) 
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In our previous work (locc. cit.), a rather crude method was used for measuring the kinetics 
of the disappearance of colour. The more accurate, spectrophotometric method described 
below yields results for E and A which are practically identical with those reported for 
compounds related to dianthronylidene. For compound (V), however, the figures given 
above exceed those reported previously by more than the experimental error then assumed. 

For solutions of (I), the 3’-methy] derivatives of (II), and (IV) in ethanol and methyl- 
cyclohexane, the plots of log (optical density) against time during spontaneous disappearance 
of dye always showed very pronounced deviations from linearity. No kinetic results for 
these compounds could therefore be obtained, possibly because of interference by other 
coloured modifications which are described below. 

In a preliminary note (Hirshberg, Frei, and Fischer, ]., 1953, 2184) it was reported 
that when a solution of the coloured modification of (V), formed as described above, is 
irradiated with yellow light (containing no radiation below 500 my) the colour disappears, 
the original colourless compound being re-formed. Similar effects, though generally less 
pronounced, have meanwhile been observed with several other compounds, including certain 
compounds of the dianthronylidene series. It is noteworthy that, whereas colour produc- 
tion by ultra-violet irradiation depends but little on the solvent, colour eradication by 
yellow light is much faster in ethanol than in methyleyclohexane. [The thermal disappear- 
ance of the colour of (V) in ethanol is about 35 times slower than in methylcyclohexane at 
the same temperature. } 

In the experiments described hitherto, the coloured modifications were produced by ultra- 
violet irradiation at temperatures not below —120° (in a solvent mixture of methylcyclo- 
hexane and light petroleum). When the investigation was extended to temperatures as 
low as —180°, new phenomena were observed (cf. Hirshberg and Fischer, J. Chem. Phys., 
1953, 21, 1619). Ultra-violet irradiation at —165° (or lower) results in the formation 
of certain dyes (type A) which, on cautious heating, are converted spontaneously first into 
a second type of dye (B) and, at a somewhat higher temperature, into a third coloured form 
(type C) which is spectroscopically identical with the type of dyes described in the preceding 
sections of this paper. At still higher temperatures the original colourless modification 
is re-formed. 
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The temperature ranges in which the three types of dye are stable overlap to a certain 
extent, making a complete isolation of each type difficult or impossible. A comparatively 
good separation has been achieved only with compound (IV), which may therefore serve 
to illustrate the behaviour outlined above (Fig. 2). When a solution of this compound is 
irradiated at —170° with light from a mercury arc, a green colour develops (curve A). If 
then kept for 5—10 minutes at —150°, the green solution becomes rose (curve B, which 
shows, incidentally, that the green colour has not yet completely disappeared). At 
—110° the solution rapidly becomes mauve, and at above —50° colour disappears. The 
whole cycle may be repeated many times, since at —170° irreversible reactions initiated by 
ultra-violet irradiation are practically suppressed. 

Type B was particularly difficult to identify, and could easily have been overlooked 
were it not for the fact that this type, and only this, shows a bright brick-red luminescence 
on excitation with the 365-my group of a mercury arc (Fig. 3). 

The rest of the photochromic compounds, except (V), showed similar behaviour, but 
separation of the three coloured modifications could be achieved only partially (Fig. 2). 
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fications B. (Solutions in methyl- 
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In all cases, however, three coloured modifications could be identified, of which only type 
B exhibited fluorescence. This type is produced at about —150°, either spontaneously 
from its precursor A, or by ultra-violet irradiation of the colourless form at this temperature. 
The annexed Table summarises the relevant observations. 


Coloration of solutions in methylcyclohexane—light petroleum under various conditions. 


Colour resulting from ultra-violet irradiation 
at —150° (also at —110° (also 
formed spon- formed spon- Luminescence of 
Compound at —170° Gane from A) nanny B) modification B 


CE). . ccoeacadavad kecedeansa 1 eee Wine-red Rose-mauve Yellow 
ChE} “nschwcasuasradecsaves. ae Blue-violet Rose-mauve Red 
3-Me deriv. of ( ... Rose Blue-violet Rose-mauve Red 
3’-Me deriv. of (II)... Blue-green Rose Mauve Orange 
Sisecevsscecs, GHCOH Rose Mauve Brick-red 
Mauve Mauve Mauve Red 


The position is different in the case of the spirans containing two hetero-atoms, repre- 
sented by compound (V). Here irradiation at —170° to —180° produces a light mauve 
colour which at somewhat higher temperatures becomes deep mauve. Spectrophoto- 
metrically, this colour change finds its expression in a slight enhancement of the ratio 
between the extinction coefficients at 580 and 540 my. A strong, red fluorescence is 
observed in the coloured modification, independent of the temperature at which it had 
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been formed. With the present development of our technique, it has not been possible to 
rule out the existence of a non-luminescent coloured modification accompanying the 
luminescent form. 

In all the photochromic spirans investigated, the colourless modification shows either 
no luminescence or only a weak band at about 450 mu. 

The phenomena described in the Table occur at higher temperatures if a solvent mixture 
of methylcyclohexane and decalin is used instead of methylcyclohexane-light petroleum. 
Thus with a solution of (II) in the decalin mixture, the rose modification is produced by 
ultra-violet irradiation at —150°, and is converted into the blue one at about —130°. 
It seems plausible that the higher viscosity of the mixture containing decalin is responsible 
for this temperature shift. In a solvent mixture of ethanol and methanol similar internal 
transitions were observed. 

In this connection it may be noted that the rate of colour formation by ultra-violet 
irradiation decreases with increasing rigidity of the medium. Thus coloration at liquid- 
air temperature is fairly rapid in a solvent mixture of methylcyclohexane and light petroleum 
but very slow in a solvent mixture of ethanol and methanol. (Both mixtures form trans- 
parent “‘ rigid media ”’ at this temperature.) 


DISCUSSION 


In general, our tentative conclusions (/occ. cit.) about the mechanism of the photocon- 
version of spivopyrans and dianthronylidenes apply also to the compounds described in this 


Electron, excited 


Fic. 4. Schematic representation of energy levels. 


Steps 1, 2, and 3 represent the photoconversion, steps 
4, 5, and 6 represent the spontaneous internal 
transitions over potential barriers. Thermo- 
chromism proceeds by the reverse of step 6. 
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investigation. The suggestion that dye C is highly polar (cf., e.g., Knott, J., 1951, 3038) is 
borne out by the low solubility of the latter in non-polar, as distinct from polar, solvents, 
and by the fact that in polar solvents the thermal equilibrium is shifted towards the coloured 
form. The failure to find direct evidence for the proposed high polarity of this dye (Fischer 
and Hirshberg, Joc. cit.) may be due to flocculation during the dielectric measurements, 
which would very greatly reduce the concentration of the dissolved dye. More suitable 
non-polar solvents, as well as stabilisation of the supersaturated solutions, may eventually 
make the dielectric measurements more reliable. 

It appears that the present experimental conditions do not allow estimation of the 
activation energies involved in the transitions A —» B, B —» C, both because of the 
great change in viscosity with temperature in the relevant regions, and because of spectral 
overlapping of the various modifications. 

Direct experimental estimation of the relative energy levels of modifications A and B is 
also impossible, because these colours do not appear in the thermal equilibrium at elevated 
temperatures, i.¢., in thermochromism. The representation of the energy levels involved, 
given in Fig. 4, is therefore only schematic. 

The lack of thermochromism in some photochromic compounds may be ascribed to an 
energy difference between the coloured and the colourless form which is so high that 
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thermal attainment of detectable concentrations of the coloured form is impossible. In the 
two compounds exhibiting neither thermochromism nor photochromism, steric inter- 
ference in the (hypothetical) coloured forms may be so large that these are not sufficiently 
stable even at liquid air temperature. 


EXPERIMENTAL 


Solvents.—For work at low temperatures a mixture of methylcyclohexane and light petroleum 
was suitable as non-polar solvent. It remains liquid until about —168° and forms a transparent 
glass of comparatively low rigidity at — 175° to —180°. Solutions in this solvent often showed 
some opacity when cooled, probably because of traces of moisture. They could be cleared 
by first cooling them to at least —100° and then keeping them for some time at —10° to —20°. 
On re-cooling, the solutions remained transparent. 

A mixture of ethanol and methanol (4: 1 by vol.) served as a polar solvent at low temper- 
atures. At high temperatures xylene, decalin, or benzyl alcohol was used. 

Spectrophotometric Technique.—An attachment to the Beckman model D.U. quartz spectro- 
photometer was built, permitting the use of Dewar-type cells (Hirshberg and Fischer, Joc. cit.). 
Except in kinetic experiments, the low-temperature technique involved production of the desired 
modification under the appropriate conditions, freezing-in of the state thus attained by intro- 
duction of liquid nitrogen into the outer compartment of the cell, and measurement of the 
absorption. For measurements at high temperatures, the inner compartment of the cell was 
heated as described in the following paragraph. 

Temperature Control.—For work at low temperatures the inner compartment of the cell, 
containing the solvent or the solution to be measured, was cooled by a variable stream of cold, 
gaseous nitrogen passing through the outer compartment. The nitrogen was generated by 
boiling liquid nitrogen, contained in a 50-l. copper Dewar vessel, by means of an immersed 
electric heater. The cold nitrogen passed from the generator to the absorption cells through 
two Dewar-type glass tubes, connected by a heated rubber tube, the latter permitting flex- 
ibility. By controlling the input of the immersion heater, and thereby the boiling rate of the 
liquid nitrogen, the temperature of the cell contents could be maintained at any desired level 
as low as —170°, to within 0-5° or better, as measured by means of a thermocouple immersed in 
the liquid. For work at —175° to —185°, the outer compartment of the cell was filled with 
liquid air or liquid nitrogen. 

For investigations at high temperatures (up to 180°), similar Dewar-type cells, but having a 
light path of 4 cm., were used. In these cells the contents of the inner compartment were kept 
at the desired temperature within 1° by direct thermoregulation of paraffin oil, introduced into 
the outer compartment together with a thermoswitch and a bare heating element. 

Luminescence Spectra.—Solutions were prepared as above, and then photographed as 
described previously (Hirshberg and Fischer, Joc. cit.). 

Materials.—Bisspiro-2 : 2’-(5 : 6-benzopyran) and 1: 3: 3-trimethylindoline-2-spivo-6’-(2’ : 3’- 
8-naphthopyran) were prepared according to Bergmann, Weizmann, and Fischer (J. Amer. 
Chem. Soc., 1950, 72, 5009). All the other compounds were synthesised according to Dickinson 
and Heilbron (J., 1927, 1699). 

Thermal and Photochemical Decomposition.—When solutions of the thermochromic spirans 
in decalin or benzyl alcohol were kept at 120°, they slowly decomposed, as shown by an irrever- 
sible yellow coloration. This effect was not prevented by keeping the solutions under nitrogen. 

Irradiation with the full mercury arc (a Hanovia Type S-100 quartz burner was used) caused 
a slow decomposition even at —100°. When the short ultra-violet radiation was cut off by 
means of a Wood’s filter, no such decomposition occurred. 


The authors are deeply indebted to Mr. M. Kaganowitch for the syntheses of the compounds 
investigated. 
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The Near-ultra-violet Absorption Spectra of Naphthalene and 
Its Monohalogen Derivatives in Solution. 


By J. FERGUSON. 
[Reprint Order No. 4555.] 


The near-ultra-violet absorption spectra of naphthalene and its mono- 
halogeno-derivatives have been observed in rigid-glass solution at liquid- 
oxygen temperature. The spectra may be interpreted in favour of an 
14,-A, assignment for the 2800—3200-A region of the naphthalene spectrum. 
The perturbing vibration in the case of the a-compounds has been shown to 
be analogous to the 478-cm.~ perturbing vibration of naphthalene. 

The spectra of the two isomers differ markedly in their vibrational 
structure. Whereas the a-derivatives shows a dual nature, 7.e., progressions 
built on both 0,0 and 0,1 bands,* the 8-compounds are characterized by a 
simpler structure and all possess strong 0,0 transitions. 

Very weak long-wave-length bands were discovered in the «-derivatives. 
The evidence for the existence of these bands is discussed, but no assignment 
can be made. 


THE near-ultra-violet absorption spectrum of naphthalene has been the subject of much 
recent work and in particular it is of prime interest to fix the symmetry species of the first 
excited singlet level. Craig and Lyons (J. Chem. Phys., 1952, 20, 1499) have recently 
reviewed the experimental results and have assigned the first excited singlet level to the 
species A, of the point group Dg, of the molecule. The work of Schnepp and McClure 
(tbid., p. 1875) on the vapour fluorescence of naphthalene also supports this assignment 
providing the perturbing vibration has the symmetry b2,. 

The assignment of the first excited singlet level as A, is supported by theoretical calcul- 
ations using the valence-bond method (Blumenfeld, J. Phys. Chem., U.S.S.R., 1947, 21, 
529; Craig, Proc. Int. Congr. Pure Appl. Chem., 1947, 11, 411). However, L.C.A.O. 
calculations make this level B2,, while more recent calculations by Jacobs (Proc. Phys. Soc., 
1949, 62, A, 710), with the inclusion of configuration interaction, show a near coincidence 
of two levels, Bz, and Bs,. The third assignment of this level as Bs, by Platt, from free 
electron model considerations (J. Chem. Phys., 1949, 17, 484; 1951, 19, 1418), is supported 
by the spectral resemblances of the cata-condensed hydrocarbons as discussed by Klevens 
and Platt (tbid., p. 470). 

This paper reports a study of the effect of monohalogen substitution on the absorption 
spectrum of naphthalene. Interpretation of the spectra, in the absence of detailed 
knowledge of naphthalene itself, would appear to be too difficult. However, halogen 
substitution, in effect, applies a varying perturbation to the electronic terms of naphthalene, 
so that discussion of the spectra may settle some of the outstanding problems. 

De Laszlo (Proc. Roy. Soc., 1926, A, 111, 355) described the absorption spectra of 
x- and §-chloro- and -bromo-naphthalene, both in the vapour and in solution. His 
measurements are not comprehensive enough for detailed treatment of the problem and 
the bands suffer from temperature broadening. The spectra were therefore measured at 
liquid-oxygen temperature. Because four of the compounds are liquids, the spectra were 
all measured in rigid glass solution, which permitted easy control of the region of the 
spectrum under observation by change of concentration. Although the solvent used 
consists of hydrocarbons, the molecular fields surrounding a solute molecule are sufficiently 
inhomogeneous to make the 0,0 band of naphthalene appear, in contrast to the vapour 
spectrum, 

RESULTS 


Naphthalene.—Schnepp and McClure (loc. cit.) explained the vapour fluorescence of naphth- 
alene in terms of four totally symmetric ground-state frequencies 512,764, 1025, and 1380 cm.+}. 


* In the symbolism used in this paper the first number denotes the ground-state vibration and the 
second the excited-state vibration. 
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The spectrum of naphthalene found in this research agrees well with these figures (Table 1). It 
is seen that from band 2 we have intervals 473, 698, and 970 in the upper state. The 1380 
ground-state fundamental does not appear to have a strong counterpart in the upper state. 


TABLE 1. Naphthalene. 


Band Position Distance Band Position Distance 
no. (cm.-!) from 0,0 Assignment no. (cm.-!) from 0,0 Assignment 
1 31,736 —_ 6 33,162 1420 5 + 970 
2 32,191 455 7 33,358 1622 + 473 + 698 
3 32,455 719 8 33,638 1902 + 473 + 970 
4 32,664 928 0,455 + 473 9 33,859 2123 + 698 + 970 
5 32,889 1153 0,455 + 698 


Band 1 is the 0,0 and it appears because of solvent perturbations. Band 3, also weak, is due 
to the excitation of the fundamental 698 cm.-! of the upper state. The interval between the 


Fic. 1. Absorption curves for the 
second transition of the «- 
compounds. 

A, a-Iodo-, B, a-bromo-, C, «- 
chloro-, and D, «-fluoro- 
naphthalene. 


| ! l 
270 270 


Wave-length (mu) 


0,0 and band 2, 7.e., the value of the perturbing vibration in the upper state, is 455 cm. and is, 
within the experimental limits, the same as that (464 cm.-!) found by Schnepp and McClure. 

As it was not possible to make microphotometer tracings of the plates, line diagrams showing 
the positions and approximate visual intensities of the bands are included. The naphthalene 
spectrum is shown in Figs. 2 and 4. 

a-Substituted Halogenonaphthalenes.—The absorption curves for the second transition of 
these compounds are shown in Fig. 1. The effect of «-halogen on the second transition of 
naphthalene (as regards red shift and intensification) parallels the effect, as noted by Ferguson 
and Iredale (J., 1953, 2959), on the second transition of benzene. 

The effect of «-substitution on the weak system of naphthalene produces a gradual change 
in the spectrum as we pass from iodine to fluorine. A temperature-dependent band was found 
in the iodo-compound; but this was not evident for the other derivatives, either because the 
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transition is becoming more allowed or because the appearance of new bands in this region 
obscures it. 

As with benzene the red shift is greatest for the iodo-compound. It is interesting that 
the values of the ratio of red shift of 0,0 of B- to «-isomer for the fluoro-, chloro-, and iodo- 
compounds are 1-61, 1-63, and 1-58 respectively. 

a-lodonaphthalene.—The spectrum of the 3200-A region is shown in Fig. 2. Table 2 contains 
the positions of the bands of the weak system. In this compound the second transition largely 
obscures the first, owing to substitution of iodine in the «-position, as can be seen from Fig. 1. 
This overlap is increased at low temperatures and allows us to fix only four bands of the weak 
system, 

Fic. 2. 
32 #3 
z | 


to7%cm~’ 


The 0,0’s ave connected by broken lines. 


Like naphthalene this compound has a temperature-dependent band (not band 1), but its 
position cannot be fixed with certainty. A comparison of plates, taken at room temperature, 
of «-iodonaphthalene and naphthalene shows that the intervals between the 1,0 and 0,1 bands * 
of both compounds are practically the same, but it is impossible to make accurate measurements 


TABLE 2. «-lodonaphthalene. 


Band Position Distance Band Position Distance 
no (cm.~) from 0,0 Assignment no. (cm,~) from 0,0 Assignment 
l 30,936 ae 4 32,144 923 0,428 + 495 


2 31,221 — 5 32,359 1138 0,428 + 710 
3 31,649 428 


TABLE 3. «-Bromonaphthalene. 


Band Position Band Position Distance 

no. (cm.“}) Assignment no. (cm.~}) from 0,0 Assignment 
30,623 -- 31,736 420 0,420 
30,828 —- j 32,074 760 0,760 
31,133 — 32,248 934 0,420 + 514 
31,314 0,0 32,500 1186 0,420 +. 760 


of these intervals at room temperature. The value of the perturbing vibration appears to have 
dropped slightly to about 430 cm.-}. 


The system is very similar in structure and intensity to that of naphthalene, with the 


* For symbolism see footnote, p. 304. 
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exception of band 1, which is to be linked with the weak bands found in «-chioronaphthalene 
and is not due to an impurity. 


«-Bromonaphthalene.—The spectrum of the weak system is shown in Fig. 2 and the positions 


Fic. 3. Absorption curves for the second transition of the B-compounds. 
gr 


F J | 
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A, B-Iodo-, B, B-chloro-, and C, B-fluoro-naphthalene. 
Fic. 4. 


| 


- al 
to cm: 
The 0,0’s ave connected by broken lines. 
of the bands are givenin Table 3. The spectrum has almost the same pattern as in naphthalene ; 
the exception is that the 0,0 band is more intense. 
Although band 4 has been assigned as the 0,0 we find the presence of three very weak bands 


to the long-wave-length side of band 4. These are not temperature-dependent and cannot 
belong to the system originating at band 4. 


308 Ferguson: The Near-ultra-violet Absorption Spectra of 


a-Chloronaphthalene.—See Fig. 2 and Table 4. Band 6 is assigned as 0,0 and the pattern of 
the system is similar to the other derivatives. However, very weak bands appear on the long- 
wave-length side of this system. An impurity was suspected and the compound was carefully 
re-purified by passage through a chromatographic column and by vacuum-distillation, but the 
bands persisted. 
TABLE 4. «-Chloronaphthalene. 
Band Position Band Position Distance 
no (cm.~') Assignment no. (cm.—?) from 0,0 Assignment 
30,257 . j 31,319 aon 0,0 
30,441 31,763 444 0,444 
30,668 32,251 932 0,444 + 488 
30,840 - { 32,570 1151 0,444 + 707 
31,158 32,790 1471 0,444 + 1027 
32,930 1611 0,444 + 488 -|- 707 
33,227 1908 0,444 + 1464 


As a further check a photograph of the phosphorescence spectrum was taken and found to 
agree with that published by Lewis and Kasha (J. Amer. Chem. Soc., 1944, 66, 2100). Further, 
on examination of the ‘excitation spectrum’’ (P. Pringsheim, ‘“‘ Fluorescence and 
Phosphorescence,”’ Interscience Publ., New York, 1949, p. 306), with the Beckman spectro- 
photometer as monochromator, these bands excited phosphorescence which was apparently 
the same as that produced by irradiation at lower wave-lengths. The efficiency of these bands 
in exciting phosphorescence is as yet not known. 

The present results are compared with de Laszlo’s (loc. cit.) in Table 5. The solvents were 
slightly different (hexane and light petroleum), and de Laszlo’s measurements were made at 
room temperature. 

TABLE 5. 
de Laszlo This work de Laszlo This work 
Band Position (em.-!) Band Position (cm."*) Band Position (cm.~') Band Position (cm.~') 
IA 30,845 4 30,840 III 32,240 8 32,251 


pi la. ” IV 32,810 10 32,790 
31,260 g}Mean 31,288 y 33,510 ‘3 33/227 


31,720 7 31,763 


De Laszlo’s band IB (which corresponds to the mean of bands 5 and 6 of this work) is split at 
low temperatures, and the higher-frequency component is assigned here as the 0,0. His band IA 
corresponds to one of the “‘ strong ’’ weak bands found at low temperature. 

a-Fluoronaphthalene.—See Fig. 2 and Table 6. As in benzene, fluorine causes more dis- 
turbance than do the other halogens. The system is characterized by the appearance of a 
strong 0,0 but the vibrational structure is more complex and is not simply related to the other 
spectra, except in the interval 430 cm.-! between the 0,0 and band 2. 


TABLE 6. «-Fluoronaphthalene. 
Band Position Distance Band Position Distance 
no. (cm.~!) from 0,0 Assignment no. (cm.—") from 0,0 Assignment 
l 31,598 . 5 32,658 1060 
2 32,031 ) 6 32,998 1400 
3 32,277 37$ ; 7 33,206 1608 
32,455 57 : 8 33,490 1892 


Bands corresponding to the very weak ones found in the other derivatives were looked for 
but only one extremely weak band removed about 100—200 cm.-! to long-wave-length of the 
0,0 was found. 

Summary for «-Halogenonaphthalenes.—a«-Substitution by halogen causes a steady increase 
in intensity of the 0,0 and thereby a more allowed nature of the transition as we go from iodine 
to fluorine. A striking feature is the similarity in the 0,0—0,1 interval in all these compounds. 
It is only in «-iodonaphthalene that we can positively identify a temperature-dependent band, 
but the other compounds show such an excellent correspondence that their interpretation 
follows immediately. 

It appears, in contrast to the %-compounds, that there are many fundamentals excited 
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strongly in the upper state, so that the vibrational pattern becomes quite complex (see «-fluoro- 
naphthalene). The complexity is also enhanced by the dual nature of the transition, i.¢., 
vibrations are built on both the 0,0 and the 0,1 band. 

The infra-red and Raman spectra of these compounds (measured by Mr. R. Werner, 
unpublished) contain an infra-red-active vibration of frequency about 470 cm.- in all of these 
compounds, related it seems certain to the fundamental 478 cm.-! frequency of naphthalene. 
The vibration is remarkably unaffected by any of the halogens in either position of the ring. 
This vibration is to be linked with the approximately constant interval found in the upper state 
of the «-compounds. These results further confirm that the 478-cm.-! fundamental is the 
perturbing one in naphthalene. 

A vibration of frequency about 490 cm.-! in the upper state of these compounds corresponds 
to the Raman-active vibration of frequency about 520 cm.-! in the ground state. It is remark- 
able that although the totally symmetric mode 1380 cm.-! in naphthalene does not alter 
markedly in the a-derivatives, it does not appear as a strong fundamental in the upper state. 

It is not possible at present to decide the nature of the very weak bands found in the 
a-derivatives (the strongest—for «-chloronaphthalene—has an extinction coefficient of about 
70, and the others are very much weaker). That they were only found in the «-derivatives 
suggests that they are due to a long-axis perturbation. Their assignment to a singlet level is 
extremely improbable, whilst a triplet assignment also meets with difficulties. 

8-Halogenonaphthalenes.—The absorption curves for the second transition (Fig. 3) disclose 
a big difference between the effects of «- and $-substitution. Whereas «-substitution shifts the 
second transition to the red, 8-substitution has less effect, and it is the first transition that is 
influenced more strongly by this substitution. The red shift of the weak transition is in the 
same order as for «-substitution but is greater. 

The relevant results are in Fig. 4 and Table 7. The spectra are each characterized by the 
appearance of astrong 0,0. Thesmaller overlap by the second transition allows more structure 
to be seen than with the corresponding «-compounds, this being particularly noticeable in the 
case of 8-fluoronaphthalene. 

TABLE 7. 


Position Distance Band Position Distance 
(cm."!) from 0,0 Assignment no. (cm!) from 0,0 Assignment 


B-Iodonaphthalene. 
30,926 0,0 5 32,510? 0, ? 
31,398 0,472 32,808 0,1418 + 472 
31,642 j 0,716 : 33,100 0,1418 + 716 
31,931 0,1005 33,400 0,1418 +- 1005 
32,344 0,1418 


8-Chloronaphthalene. 


31,153 0,0 0, ? 

31,648 0,495 0,1025 +- 720 
31,873 0,720 s 0,1418 + 720 
32,178 0,1025 0,1418 + 1025? 


32,571 0,1418 
8-Fluoronaphthalene. 


31,514 ,0 33,176 1662 
31,969 455 45% 33,397 1883 

32,235 721 72 { 33,647 2133 

32,486 972 ,972 33,910 2396 

32,690 1176 0,455 + 721 34,095 2581 55 + 721 + 1419 
32,933 1419 0,1419 ; 34,386 2872 19 + 1419 


The three have common vibrational intervals superimposed on the 0,0. Four frequencies 
of the order 470, 700, 1000, and 1420 cm.-}, respectively, appear in each spectrum, the values of 
these intervals being most accurately obtained in the fluoro-derivative because of the clarity of 
its spectrum. 

As these compounds all possess strong 0,0’s, it is most probably that the fundamental of 
. value about 470 cm.~ is to be linked with the Raman frequency of about 520 cm. in these 
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compounds. This frequency corresponds to the totally symmetric mode of 512 cm.-? found in 
naphthalene. It appears therefore that the vibration that figures mainly in the spectra of the 
a-derivatives, i.e., the infra-red 470 cm. of the ground state, is not excited strongly in the 
8-compounds and the transition is completely allowed. It is most interesting that, although 
all of these spectra have an allowed structure, they are not much more intense than those of the 
a-derivatives. 


DISCUSSION 


The controversy over the assignment 14,—1A, for the weak transition of naphthalene 
rests mainly on the following points: (1) The spectral resemblances of the cata-condensed 
hydrocarbons suggest that the weak system of naphthalene corresponds to the 2600-A 
transition of benzene and, as such, as predicted by molecular-orbital theory, must be 
g—»u. (2) The system may be composite, 7.¢., the bands 32,454 cm.“! and 31,513 cm." of 
the vapour spectrum correspond to 0,0’s of separate electronic transitions, or else the 
appearance of a triplet level in this region complicates the spectrum, making analysis 
difficult. (3) Granted that the vibration 478 cm."1, in the ground state, is the perturbing 
one, its symmetry may be, not b,, but d3,. (4) Symmetrical disubstitution, 7.e., 1 : 5- or 
2: 6-, should present the prohibition g—g, so that the transition should be forbidden, 
whereas, in fact, it becomes allowed. 

At first sight the spectral-resemblance objection to the A,—A, assignment appears to be 
strong, as it presents a relation between the cata-condensed hydrocarbons of an extremely 
simple nature. It meets with difficulties, however, in predicting the effect of halogen 
substitution on the naphthalene spectrum. «-Substitution produces an effect similar to 
that observed in benzene, but #-substitution shows no correlative effect with that of 
benzene. 

We must therefore treat with care any superficial resemblances between the cata- 
condensed hydrocarbons, until more comprehensive data are available to decide whether 
the analogy can be carried so far as to identify completely the nature of any electronic 
level. 

The experimental method of measuring the bands is justified by the results for the 
naphthalene spectrum. It should be noted that the method can give accurate results 
only if the vibrational structure of an electronic transition is characterized by the strong 
appearance of a few fundamentals in the excited state. That intervals similar to those 
found by Prikhojko (Izvest. Akad. Nauk S.S.S.R., Ser. Fiz., 1948, 12, 499) superimposed on 
the band 32,454 cm."! in the vapour spectrum have been found in this research suggests 
strongly that this band is to be associated with the 0,1 band of a forbidden transition. 

The suggestion that the bands 32,454 and 31,513 cm."! of the vapour spectrum corre- 
spond to 0,0’s of separate electronic transitions is seen to be incompatible with the results 
obtained here. Indeed the internal consistency between the spectra of the halogeno- 
naphthalenes and naphthalene points to the possibility of only one electronic transition in 
the region 2800—3200 A of the naphthalene spectrum. 

There is extremely little probability that a triplet level in this region has sufficient 
strength to complicate the spectrum. A triplet level would be sensitive to changes in 
atomic number of the halogen substituent, but no such effect was noticed. The weak 
bands found in the «-derivatives may possibly belong to a triplet level, but they would in 
no way interfere with the system in the region 2800—3200 A of naphthalene. 

There seems to be some doubt about the symmetry of the perturbing vibra- 
tion responsible for the appearance of the spectrum (personal communication from 
G. C. Pimentel, mentioned by Schnepp and McClure, Joc. cit.). Pictures of ‘‘ mesomeric 
structures ”’ (see, e.g., Dewar, ‘“‘ The Electronic Theory of Organic Chemistry,’’ Oxford, 
Clarendon Press, 1949, p. 175) show that «-substitution by halogen causes by far the 
most disturbance in the 2- and the 4-position, while 8-substitution affects mainly the 
1-position. We would therefore expect that «-substitution by halogen would, in effect, 
produce a perturbation to the electronic levels of naphthalene which is directed along both 
axes of the molecular plane. This perturbation, for fluorine, should be stronger along the 
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short axis, and, for iodine, stronger along the long axis (by analogy with the case of the 
halogenobenzenes (L. N. Ferguson, Chem. Reviews, 1952, 50, 47). §-Substitution by 
halogen should produce a perturbation along the short axis only. That the observed 
results are in agreement suggests that a perturbation of symmetry Bg, is needed for the 
appearance of the transition. As the transition in naphthalene is polarized along the 
short axis, this is compatible with the assignment A,—A,. 

De Laszlo has examined three symmetrical disubstituted naphthalenes, viz., 2 : 6- and 
1 : 5-dichloro- (J. Amer. Chem. Soc., 1926, 50, 982) and 2 : 6-dimethyl-naphthalene 
(Z. phystkal. Chem., 1925, 118, 369), the last in the vapour as well as in solution. His 
results, viewed in the light of the results here, show that these compounds are all 
characterized by relatively strong 0,0’s, this being particularly true for the 2 : 6-compounds. 

Although this result opposes a g-—g assignment the weight of other evidence supports 
the assignment A,-A,. 


[Added, December 1st, 1953]: McClure and McConnell (J. Chem. Phys., 1953, 21, 1296) 
have recently published measurements on naphthalene and 8-methylnaphthalene. Their 
results are contrary to those reported above in that they identify the ground-state 
frequency of 512 cm.~! with the value 430 cm.~! in the upper state. The author thanks 
Dr. L. E. Lyons for a suggestion that the interval 970 measured in naphthalene may be 
the mean of two intervals, namely, 2 x 473 and 1000. This would then make the band 
system very similar to that of the vapour spectrum. 


EXPERIMENTAL 


The absorption spectra were taken with a Hilger medium quartz spectrograph. An iron 
arc was used for comparison purposes. The low-temperature apparatus has been described 
previously (Ferguson and Iredale, loc. cit.). The solvent was light petroleum, b. p. 58—61°. 

Measurement of Bands.—A representative plate was enlarged on to another plate, this plate 
was placed in the projection enlarger, and the spectrum focused on to a sheet of white paper 
(effective magnification, about 40). The centres of the bands were determined visually and 
referred to the accompaning iron spectrum. Accuracy is lost if two bands are overlapping but 
for most bands measured the accuracy is +-10—20 cm.+. 

Maievials—The compounds, except «-chloro- and «-bromo-naphthalene and naphthalene, 
were all prepared by standard methods. All were purified by vacuum-sublimation or vacuum- 
distillation. B. p. were «-iodo-, 111°/1 mm., «-bromo-, 101°/1-5 mm., a-chloro-, 73°/0-2 mm., 
and «-fluoro-naphthalene 48°/0:-6 mm. M. p. were $-iodo-, 53°, B-chloro-, 61°, and B-fluoro- 
naphthalene, 60°. 


The author expresses his gratitude to Prof. D. P. Craig for his constant help and many 
discussions. 
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cycloOctatetraene Derivatives. Part IV.* Reduction of 
cycloOctatetraene by Sodium and Alcohols. 


By WILLIAM O. JONEs. 
[Reprint Order No. 4565.] 


cycloOctatetraene is reduced by sodium and alcohols to a mixture of, 
principally, 1: 3-, 1: 4-, and 1 : 5-cyclooctadiene together with a very small 
quantity of cyclooctene. The individual dienes were isolated by selective 
extraction with aqueous silver nitrate. The relative amounts of the dienes 
formed depend upon the temperature and duration of heating, which suggests 
that isomerisation of the primary reduction products occurs. 1: 3- and 
1: 5-cycloOctadiene both gave mixtures of stereoisomeric tetrabromides, 
but only one mol. of bromine could be added to the 1 : 4-isomer. 


cycloOCTATETRAENE is readily hydrogenated to cyclooctane over nickel, palladium, or 
platinum (Reppe, Schlichting, Klager, and Toepel, Annalen, 1948, 560, 1; Willstatter and 
Waser, Ber., 1911, 44, 3423). In solvents such as methanol and with a palladium catalyst, 
the rate of reaction diminishes suddenly after the absorption of three molar equivalents 
of hydrogen, and essentially pure cis-cyclooctene can be isolated at this stage in good yield. 
There has however been no indication that dienes or trienes can be isolated after catalytic 
hydrogenation. 

Addition of one equivalent of hydrogen has been accomplished by non-catalytic methods, 
using sodium in liquid ammonia (Cope and Hochstein, J. Amer. Chem. Soc., 1950, 72, 2515), 
sodium in ether, followed by methanol (Reppe et al., loc. cit.), and sodium with monomethyl- 
aniline (Ziegler and Wilms, Annalen, 1950, 567, 1). In the last case, a bicyclooctadiene 
was initially formed, which readily isomerised to cycloocta-1 : 3 : 5-triene. 

When cyclooctatetraene is reduced by sodium in boiling alcohols two double bonds 
become saturated. The product, at first regarded as cycloocta-1 : 5-diene (Elofson, U.S.P. 
2,594,889), has been shown to be a mixture of at least three components, two of which 
have been identified as cycloocta-1 : 4-diene and -1 : 5-diene (Craig, Elofson, and Ressa, 
J. Amer. Chem. Soc., 1953, 75, 480). This reaction had been examined independently by 
us and we confirm that the product consists almost entirely of cyclooctadienes, and have 
proved that the third main constituent is cycloocta-1 : 3-diene. The presence of the 1 : 4- 
and the 1 : 5-isomer was demonstrated by nitric acid oxidation, which yielded glutaric acid 
and succinic acid together with larger quantities of unidentified nitrogen-containing acidic 
substances. Ozonolysis of the reduction product (after a preliminary treatment with 
silver nitrate to remove cycloocta-1 : 5-diene) gave adipic, glutaric, and malonic acids, 
thus showing the presence of cycloocta-1 : 3- and -1 : 4-diene. 

Finally the three pure isomers were isolated through the agency of their adducts with 
silver nitrate. The silver nitrate adduct (C,H,,,AgNO,) of cycloocta-1 : 5-diene has 
been described by Cope, Stevens, and Hochstein (J. Amer. Chem. Soc., 1950, 72, 2510), and 
the adduct (not purified and analysed) of the 1 : 3-diene by Cope and Estes (ibid., p. 1128). 
We have now obtained pure adducts from cycloocta-1 : 3- and -1 : 4-diene, both of which 
have the composition CgH,.,2AgNO,. The three adducts differ greatly in their stability 
in aqueous silver nitrate : at 0—5° all three are stable; above about 30° the adduct from 
cycloocta-1 : 3-diene reverts to its two components; that from the 1 : 4-diene is largely 
dissociated at about 60°; and that from the 1 : 5-isomer is stable at 90—100°. It was thus 
possible to effect a rough separation of the products obtained by reducing cyclooctatetraene. 
The individual adducts were then readily obtained pure by recrystallisation, and the pure 
isomeric dienes were recovered from them by distillation in steam. 

On addition of bromine to the mixed cyclooctadienes obtained by reduction of cyclo- 
octatetraene, Craig, Elofson, and Ressa (loc. cit.) isolated a small yield of a tetrabromide, 
m. p. 127—128°. A mixture of stereoisomeric tetrabromides, m. p. 105—124°, was obtained 
by Ziegler and Wilms (loc. cit.) from the 1 : 5-diene. We have obtained three tetrabromides 

* Part III, J., 1953, 4156. 
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(m. p. 139°, 135°, and 100°) from the cyclooctatetraene reduction mixture. The individual 
dienes differ markedly in behaviour, and the high-melting derivatives are stereoisomeric 
forms of 1: 2:5: 6-tetrabromocyclooctane. cycloOcta-1 : 5-diene with 2 mols. of bromine 
at —20° rapidly yielded a mixture, m. p. 110—120°. An unstable isomer, m. p. 133—134°, 
was obtainable by recrystallisation without delay, and this changed to a mixture, m. p. 
103—110°, after about 24 hours at room temperature. The latter was separated by chro- 
matography on alumina into two isomers, m. p. 135° and 139°. 

A solid dibromide (m. p. 65°) was readily obtained from cycloocta-1 : 4-diene. The 
further action of bromine resulted in the evolution of hydrogen bromide and it has not been 
possible to obtain a tetrabromide. This behaviour raised the question of whether rearrange- 
ment to a dibromobdicyclo[4 : 2 : Ojoctane had occurred, as is known to be the case on addi- 
tion of halogens to cyclooctatetraene, but catalytic hydrogenation showed that the dibromide 
contained one double bond so that the monocyclic ring was still intact. 

The addition of 1 mol. of bromine to cycloocta-1 : 3-diene at —20° was extremely rapid, 
and a liquid dibromide (m. p. approx. —12°) was isolated. This is presumably 3: 8- 
dibromocyclooctene, and is probably identical with the material obtained by Cope and Estes 
(loc. cit.) from cycloocta-1 : 3-diene containing an undetermined amount of a less stable 
stereoisomer. The dibromide reacted slowly with more bromine at 0—10° to form a 
mixture from which 1: 2:3: 4+tetrabromocyclooctane (m. p. 100°) was isolated. The 
identity of this derivative was established by its preparation from the diene obtained by 
the action of ammonia on 3-bromocyc/ooctene. 

The presence of cycloocta-1 : 3-diene in the reduction product was not expected, since 
sodium in boiling alcohols normally reduces conjugated double bonds but does not affect 
isolated double bonds. We have, in fact, shown that cycloocta-1 : 3-diene is no exception, 
for it was reduced to cyclooctene under such conditions. It is concluded therefore that 
the 1:3-diene present in the reduction product of cyclooctatetraene has been formed 
mainly by rearrangement of the 1 : 4- or the 1 : 5-isomer under the influence of the hot 
alcoholic sodium alkoxide [Cope and Hochstein (/oc. cit.) described the analogous conversion 
of cycloocta-1 : 3: 6-triene (IIT) into cycloocta-1 : 3: 5-triene (V) by means of potassium 
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or heat | |_| 
WY 
(VITT) (IX) 


(VII 


tert.-butoxide]. This view is supported by the variability in the proportions of dienes 
obtained under different conditions. Judged by the results of silver nitrate experiments, 
the product contained 50% of cycloocta-1 : 5-diene when the alcohol employed was ethanol, 
and 30—40% when sec.-butanol was used. This could be accounted for if either of the 
reactions (IV) —» (VI), or (III) —» (V) was more rapid in boiling sec.-butanol than in 
boiling ethanol. Our attempts to isomerise (IV) were not successful, but evidence for the 
change of (VI) to (VII) was obtained. 

The annexed scheme is put forward to account for the formation of the three isomeric 
cyclooctadienes. It involves 1: 4-addition of hydrogen to a conjugated system, and 
rearrangement of a pair of isolated double bonds to a conjugated pair under the influence of 
heat or of sodium alkoxide. In the reduction of (I) at low temperatures by means of sodium 
and N-methylaniline in ether, Ziegler and Wilms (loc. cit.) consider that the first product is 
bicyclo[4 : 2: Ojocta-3 : 7-diene (VIII). We have confirmed Ziegler and Wilms’s observ- 
ation that only one double bond can be reduced under these conditions even in the presence 
of excess of sodium. Craig, Elofson, and Ressa (loc. cit.) did not obtain evidence for the 
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formation of bicyclic products on repeating Ziegler and Wilms’s work at room temperature, 
whilst Cope, Haven, Ramp, and Trumbull (J. Amer. Chem. Soc., 1952, 74, 4867), as a 
result of reducing (I) with sodium in a mixture of ether and liquid ammonia, suggested that 
bicyclo|4 : 2 : Ojocta-2 : 4-diene (IX) as well as (V) was present in Ziegler and Wilms’s 
product. All these results can be accommodated by taking the view that cyclooctatetraene 
behaves as a mixture of the monocyclic (I) and the bicyclic (II) forms. Thus, in the work 
of Cope et al. (loc. cit.), the primary product would be a mixture of the observed triene (III), 
with Ziegler and Wilms’s diene (VIII). During the subsequent working up, which involved 
heating with alcoholic potassium fert.-butoxide, (VIII) would be converted into (LX) (and 
thence V). 

The complex formed from calcium and ammonia, Ca(NH,),, readily attacks conjugated 
double bonds but has no action on isolated double bonds, e¢.g., it reduces benzene to 
cyclohexene (Dumanskii and Zvyereva, J. Russ. Phys. Chem. Soc., 1916, 48, 994; Kazanskii 
and Gostunskaya, Doklady Akad. Nauk, S.S.S.R., 1950, 71, 295.) Our preliminary results 
on the reduction of cyclooctatetraene with this reagent show that the products are cyclo- 
octatrienes. Since these contain conjugated double bonds it seems probable that the 
primary reduction product was (VIII), and that the trienes arose through isomerisation 
during working up. 

EXPERIMENTAL 

Reduction of cycloOctatetraene with Sodium and Alcohol.—Reductions were carried out 
essentially as described by Craig, Elofson, and Ressa (loc. cit.), the alcohols employed being 
ethanol or sec.-butanol. The latter forms an azeotrope (b. p. approx. 99°) with the cycloocta- 
dienes and it was therefore removed from the product by repeated extraction with cold water. 
Analysis of a freshly distilled sample (nf 1-4848) indicated that it consisted of cyclooctadienes 
(Found: C, 88-9; H, 11-2. Calc. for C,H,,: C, 88-8; H, 11:2%). Oncatalytic hydrogenation 
1-94 mols. of hydrogen were absorbed to give cyclooctane (f. p. 11-5°, nf 1-4579). After 6 
months’ storage in the dark, the refractive index of the unsaturated hydrocarbons had risen 
to 1-4957 (at 20°), and material was now present which imparted a deep orange colour to aqueous 
sodium hydroxide. 

Oxidation of the Reduction Product by Nitric Acid.—The dienes (22 c.c.) were added gradually 
at 90° to a mixture of nitric acid (75 c.c.; d 1-42), water (65 c.c.), and ammonium vanadate 
(0-5 g.). After 30 hr. at the boil, the clear lemon-yellow liquid was removed from a trace of 
dark brown oil and evaporated to dryness (16 g.). Glutaric acid (m. p. 82—84°) was obtained 
by extraction with benzene and characterised through its dianilide (m. p. and mixed m. p. 
217—220°). The material which was not soluble in benzene was dissolved in acetone, and 
from this solution succinic acid (m. p. and mixed m. p. 183—184°) was obtained. The isolated 
glutaric and succinic acids in each case represented about 8% of the total acidic material (which 
gave a positive test for nitrogen). 

Ozonolysis of the Diene Fraction remaining after Removal of cycloOcta-1 : 5-diene.—The crude 
reduction product was extracted with 50% aqueous silver nitrate solution at 70—90° to remove 
cycloocta-1 : 5-diene (as described later). A sample (6-3 g.). of the remaining hydrocarbon 
dissolved in chloroform (200 c.c.) was ozonised at —30°. The ozonide (12 g.; white powder ; 
m. p. ca. 0°) was heated on the steam-bath for 12 hr. with acetic acid (150 c.c.) and hydrogen 
peroxide (94-5 c.c., 32-6%). After removal of the solvents im vacuo at 50°, a white crystalline 
solid (13 g.; m. p. 115—125°) was obtained. Trituration with chloroform (60 c.c.) left 3-4 g. 
undissolved, and this material was shown to be adipic acid by mixed m. p.s of the free acid 
(m. p. 150°) and its dianilide (m. p. 237—239°). The acids soluble in chloroform formed a 
viscous oil from which an unidentified solid (2 g.; m. p. 130—131°, depressed by malonic acid) 
separated during 2 days. The substance was highly soluble in water and in methanol (Found : 
C, 51-7; H, 7-2%). <A portion (3-95 g.) of the residual oil was heated under reflux at 150° for 
2 hr. to decompose any malonic acid present. Carbon dioxide was evolved, and the acetic acid 
which was also formed was subsequently distilled into standard sodium hydroxide, the amount 
obtained being equivalent to 1-6 g. of malonic acid. The residue in the flask was boiled for | 
hr. with acetic anhydride (10 c.c.) to complete the formation of glutaric anhydride, which was 
then distilled (2 g.; b. p. 90°/0-2 mm.) and characterised (mixed m. p.) by conversion into glu- 
taric acid (m. p. 94°) and its dianilide (m. p. 222°). 

Action of Silver Nitrate on the Crude Diene Mixture.—(a) The mixed dienes (105 c.c.; nj 
1-4895) obtained by reduction of cyclooctatetraene with sodium and ethanol during 4-5 hr. were 
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shaken at 70° with 50% (w/w) aqueous silver nitrate (3 x 50c.c.; 4 x 40 c.c.), the mixture 
being placed each time in a bath at 70° for about 20 min. to obtain a good separation of 
the layers. The lower layers were stored separately in the dark at room temperature. The 
oil (25 c.c.) remaining at this stage was then extracted at 40° (2 x 20 c.c.). The first two 
extractions at 70° removed 19 c.c. of the original hydrocarbon mixture, and they yielded colour- 
less needles of the silver nitrate adduct of cycloocta-1 : 5-diene on cooling. A second crop of 
needles was contaminated by a few colourless spherical aggregates. The adduct was exceedingly 
soluble (at least 1 g. in 1 c.c.) in boiling methanol, and formed long needles (6—8 cm.; m. p. 
135—136°) on cooling (Found: C, 34-9; H, 4:3; Ag, 38-8. Calc. for CgH,,,AgNO,: C, 34-6; 
H, 4:3; Ag, 38-8%). Cope, Stevens, and Hochstein (loc. cit.) recorded m. p. 128-5—131°. The 
third and fourth extractions removed appreciably less hydrocarbon (23 c.c., jointly) and the 
solid which separated on cooling was a mixture. The remaining extractions (5—9th) slowly 
removed almost pure cycloocta-1 : 4-diene (17 c.c. in all) from the hydrocarbon layer. Only 
the first of these extracts deposited a solid adduct, which originally appeared as small colourless 
spheres, but these slowly changed (during 4 weeks) into large, flat, hexagonal crystals. This 
cycloocta-1 : 4-diene—silver nitrate adduct was only moderately soluble in boiling methanol from 
which it crystallised in tablets, m. p. 110—111° (Found: C, 21-9; H, 2-7; Ag, 47-7. 
CgH1.,2AgNO, requires C, 21:5; H, 2-7; Ag, 48-2%). 

The oil (21 c.c.; n® 1-4835, f. p. —58°) remaining after the above extractions was treated 
with an excess of silver nitrate solution at 0—5°. The cycloocta-1 : 3-diene—silver nitrate adduct 
which appeared after about 30 min. was collected and recrystallised from methanol. It formed 
clusters of colourless needles which did not melt in a capillary tube below 150°, at which point 
the hydrocarbon could be seen to have distilled away from the silver nitrate (Found: C, 21-5; 
H, 2-7; Ag, 48:1%). Cope and Estes (loc. cit.) obtained an unstable adduct which was not 
analysed. The aqueous mother-liquor from the formation of this adduct was steam-distilled 
and yielded a product (2 g.; nj 1-4845, f. p. —50°) which was shown by elementary analysis 
(C, 89-0; H, 11-3%) and by catalytic hydrogenation (1-6 mols. absorbed; product f. p. 6—7°) 
to contain approx. 80% of a diene and 20% of a monoene (probably cyclooctene). 

(b) In the case of mixed cyclooctadienes (168 g.) which had been prepared in sec.-butanol 
(44 hr.) the loss in weight to 50% silver nitrate at 70° was only 30%. The product (b. p. 144 
145°, f. p. —57°, n? 1-4882) was shown by ozonolysis to contain cycloocta-1 : 3- and -1 : 4-diene 
(see p. 314). 

Regeneration of cycloOctadienes from theiy Silver Nitrate Adducts.—The dienes were readily 
recovered from the adducts by steam-distillation. cycloOcta-1 : 3-diene had nj 1-4930, f. p. 
— 35° (Ziegler and Wilms, Joc. cit., give nz, 1-4930, f. p. —53°; Cope and Estes, Joc. cit., give 
n? 1-4908, f. p. —50°). cycloOcta-1: 4-diene (nf 1-4884, f. p. —35°) also had a much higher 
f. p. than the recorded value (Ziegler and Wilms, Joc. cit., give n2° 1-4896, f. p. —53°). Our 
regenerated cycloocta-1 : 5-diene had nj 1-4935, f. p. —65° (Ziegler and Wilms, Joc. cit., give 
n? 1-4936, f. p. —70°; Cope, Stevens, and Hochstein, loc. cit., give n? 1-4910, f. p. — 69°). 

Addition of Bromine to cycloOcta-1 : 5-diene.—The diene (1-03 g.) in carbon tetrachloride 
(25 c.c.) was treated at —20° with 32 c.c. of a solution of bromine (10 g.) in carbon tetrachloride 
(100 c.c.). The mixture was colourless after 3 min. and was washed with water, and dried 
(CaCl,), and the solvent was removed in vacuo. The product (4:1 g.; m. p. 90—115°) crystal- 
lised from light petroleum (60—80°), and then from methanol, at which stage it had m. p. 
133—-134°, but this m. p. had changed to 106—114° after 24 hr. The mixture was separated 
into two isomeric 1 : 2: 5: 6-tetrabromocyclooctane, by chromatography on alumina with light 
petroleum (b. p. 60—80°)—-benzene (9:1) as solvent. The solid obtained from the earlier 
eluates formed colourless needles, m. p. 135°, from light petroleum (b. p. 100—120°) (Found : 
C, 22:7; H, 2-9; Br, 75-0. C,H,,Br, requires C, 22-5; H, 2-8; Br, 74-7%). The second 
isomer, from the later eluates, formed colourless rhombs, m. p. 139°, from the same solvent 
(Found: C, 22-7; H, 2-8; Br, 75:0%). A mixture melted at 97—110°. The m. p. of the 
unstable tetrabromide originally isolated was depressed to 112—-114° by either of the stable 
forms. 

Addition of Bromine to cycloOcta-1 : 4-diene.—The diene (1-5 g.) in carbon tetrachloride 
(25 c.c.) was treated at —20° with the same solution of bromine (22-5 c.c.) as above. Decolor- 
isation was instantaneous until 22 c.c. had been added, after which there appeared to be no 
change in 2hr. The product, presumably 4 : 5-dibromocyclooctene, was worked up in the usual 
manner and yielded colourless rhombs, m. p. 65°, from light petroleum (b. p. 60—80°) (Found : 
C, 35:7; H, 4:6: C,H,,Br, requires C, 35-9; H, 4-5%). The dibromide darkened and liquefied 
after a few days in air. On treatment of the dibromide with a further mol. of bromine at 0—10° 
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hydrogen bromide was evolved and all the bromine was consumed in | hr. On working up of 
the product, some dibromide was recovered, together with a lachrymatory oil, b. p. 90—95° /0-3 
mm., #}* 1-5606 (Found: Br, 55-3%). The dibromide (0-773 g.) on hydrogenation at 20° in 
ethanol in presence of 5% palladium-—charcoal (1 g.) absorbed 173 ml. (2-7 mol.) of hydrogen in 
i15 min. (Found: Br-, 0-35 g. Calc. for 2Br~: 0-46 g.). 

Addition of Bromine to cycloOcta-1 : 3-diene —At —20° addition of bromine ceased after the 
absorption of 1 mol., and a colourless oil, b. p. 93°/1-2 mm., njj 1-5660, was isolated, presumably 
3: 8-dibromocyclooctene (Found: C, 36-5; H, 4:8; Br, 59-9. Calc. for C,H,,Br,: C, 35-9; 
H, 4-5; Br, 59-6%). Cope and Estes (loc. cit.) obtained a similar compound, b. p. 73—76°/0-3 
mm., 2}? 1-5648—1-5687, from cycloocta-1 : 3-diene containing some stereoisomeric material. 
At 5—10°, two mols. of bromine were absorbed rapidly ; from the oily product a solid modification 
of 1: 2:3: 4-tetrabromocyclooctane, m. p. 100°, was obtainable by trituration with methanol or 
light petroleum, followed by recrystallisation from methanol (Found: C, 22-6; H, 2-9; Br, 
74:4. C,H,,Br, requires C, 22-5; H, 2:8; Br, 74-7%). The same tetrabromide (m. p. 100°) was 
obtained from a cycloocta-1 : 3-diene (nf 1-4865) obtained as a by-product in the reaction between 
3-bromocyclooctene and ammonia. 

Addition of Bromine to the Reduction Product of cycloOctatetraene.—The mixed cyclooctadienes 
(10 g.) were brominated in chloroform at —20° to 0°, 1-7 mols. of bromine being absorbed. The 
crude oily product (30-9 g.) was triturated with light petroleum and stored overnight at 0°. 
A white solid (11-6 g., m. p. 110—120°) was obtained which was separated by chromatography 
into the isomeric 1 : 2: 5: 6-tetrabromocyclooctanes, m. p. 135° and 139°. The light petroleum 
mother-liquor afforded a white solid at —80°, and as this became oily at about —10° the 
supernatant liquid was poured away at —80° and the solid was dissolved in ethyl ether. The 
ethereal solution, on strong cooling, gave 1: 2: 3: 4-tetrabromocyclooctane (2 g., m. p. 100°). 

Reduction of cycloOcta-1 : 3-diene by Sodium and Ethanol.—The diene (0-4 g.; n> 1-4930) 
was treated in boiling ethanol (10 c.c.) with sodium (1 g.). The product was isolated by dis- 
tillation in steam and dried (CaCl,). The crude cyclooctene obtained had n? 1-4740, and absorbed 
1-12 mols. of hydrogen on catalytic hydrogenation. 

Attempts to Isomerise cycloOcta-1 : 5- and -1 : 4-diene by Means of Sodium sec.-Butoxide.—(a) 
cycloOcta-1 : 5-diene (1 g.; ? 1-4935) was heated on the steam-bath in nitrogen for 16 hr. with 
sodium sec.-butoxide (0-5 g. of sodium dissolved in 10 c.c. of sec.-butanol). The recovered 
hydrocarbon had nj 1-4880, f. p. —69°, and gave the same silver nitrate adduct (m. p. and 
mixed m. p. 132—134°) as the starting material. (b) When cycloocta-1 : 4-diene (1 g.; nj) 
1-4885) was treated similarly, the recovered hydrocarbon had nj 1-4853, absorbed 1-92 mols. of 
hydrogen, and slowly formed an adduct at 0° with 50% aqueous silver nitrate. The adduct 
did not possess a m. p. and was probably derived from cycloocta-1 : 3-diene. 

Attempts to Demonstrate the Presence of Bicyclic Hydrocarbons during Reduction.—cyclo- 
Octatetraene was reduced (a) at 0° by Ziegler and Wilms’s method (loc. cit.) (titration showed that 
only two atoms of sodium would react), (b) at —30° by sodium and ethanol in liquid ammonia, 
and (c) at —30° by sodium in liquid ammonia (Cope and Hochstein, loc. cit.), The solvents 
were removed at low temperature, and the products washed with water at 0°, dried, and perhydro- 
genated at 0—10° in the presence of palladium—charcoal or platinum oxide. In each case the 
final product was cyclooctane, f. p. 9-5° to 11-5°, so that no direct evidence for the formation of 
bicyclic compounds was obtained. 

Reduction of cycloOctatetraene with Calcium—Ammonia Complex.—cycloOctatetraene (5 g.) 
was mixed with dry cyclohexane (50 c.c.) and calcium turnings (20 g.), and dry ammonia gas 
passed in at 0—5° until the formation of the reddish-brown powdery complex was complete. 
The mixture was stirred at room temperature for 36 hr., and the unused calcium compound was 
decomposed in a nitrogen atmosphere by the addition of water through a capillary tube. The 
product obtained after distillation and fractionation had b. p. 136—146°, nf 1-5077—1-5113. 
About 30° of the product absorbed oxygen from the air in a few days to form a yellow gel which 
was soluble in hot dilute sodium hydroxide solution. The remainder of the product was more 
stable and appeared to be mainly cyclooctatrienes (probably 1:3: 6 as judged by the low 
refractive index), which absorbed 2-7 mols. of hydrogen and formed a silver nitrate adduct 
which melted with decomposition at 120°. 
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The Dehydration of Some 8-Benzamido-acids with Acetic Anhydride. 
By C. C. BARKER. 
[Reprint Order No. 4605.] 


Saturated §-benzamido-acids containing quaternary $-carbon atoms are 
dehydrated by acetic anhydride to 5 : 6-dihydro-6-oxo-1 : 3-oxazines; other 
saturated ®-benzamido-acids yield anhydrides. $-Benzamidocrotonic acid is 
dehydrated to 4-methyl-6-oxo-2-phenyl-l : 3-oxazine which with ammonia 
gives the corresponding pyrimidine derivative. 


THE conversion of 8-benzamidozsovaleric acid (I; 

4 : 4-dimethyl-6-oxo-2-phenyl-1 : 3-oxazine (III; R = R, = Me) by hot acetic anhydride 
(Baker and Ollis, J., 1949, 345) appears to be the only recorded instance of this reaction. 
Since this 1 : 3-oxazine resembles the related oxazolones (IV) in reacting with water, 
ethanol, and aniline, to give the parent acid and its ethyl ester and anilide, respectively 
(Baker and Ollis, Joc. cit.), it was of interest to determine if this formation of oxazines was 
general. The possible alternative dehydration products are the anhydrides (II) which can 
be readily differentiated by their lack of volatility and by the lower yields of anilide 
obtained with aniline at room temperature. 


(I) Ph-CO‘-NH-CRR’CH,-CO,H (Ph+CO-NH-CRR”CH,*CO),0 
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Dehydration of $-benzamidopropionic acid (I; R= R’ =H) gave its crystalline 
anhydride. Similarly @-benzamido-butyric and -$-phenylpropionic acid (I; R=H, 
R’ = Me and Ph respectively) gave non-crystalline anhydrides, the nature of which was 
proved as mentioned above. On the other hand, $-benzamido-$-phenylbutyric acid 
([; R= Ph, R’ = Me) gave the oxazine (III; R= Ph, R’ = Me) which distilled at 
reduced pressure and gave the anilide quantitatively. 

Thus, of five 8-benzamido-acids examined, only those with quaternary $-carbon atoms 
yielded oxazines. (8-Benzamido-8 : §-diphenylpropionic acid was not examined because 
of its inaccessibility. Cf. Posner, Annalen, 1912, 389, 96.) 

These results coupled with the fact that N-benzoylanthranilic acid may be dehydrated to 
an oxazine (V) (Angeli and Angelico, Gazzetta, 1900, 30, II, 278) suggested that 8-benzamido- 
crotonic acid might cyclise to an oxazine. This proved to be so. The product (VI) gave 
no pure product with aniline but with cold concentrated ammonia solution gave the 
pyrimidine (VII). 

It is remarkable that heating ethyl $-benzamidopropionate with phosphoric oxide 
gives 6-ethoxy-2-phenyl-1 : 3-oxazine (Karrer and Miyamichi, Helv. Chim. Acta, 1926, 
9, 338), although only the anhydride was obtained from the acid by acetic anhydride. 

The following incidental observations were made. Benzoylation of $-aminopropionic 
acid in aqueous alkali was much faster with benzoyl chloride prepared from benzoic acid 
and thionyl chloride than with ‘‘ AnalaR’”’ benzoyl chloride. This effect was observed 
also with other amino-acids and appears to be due to traces of benzaldehyde generally 
present in commercial benzoyl chloride, since addition of 0-5% of this aldehyde to the 
pure acid chloride also resulted in slow benzoylation. Both forms of ethyl $-benzamido- 
crotonate (Benary, Ber., 1909, 42, 3920) with cold ethanolic potassium hydroxide gave the 
same $-benzamidocrotonic acid in 5-6°% yield; potassium benzoate (27%) and ethyl 
benzoate (47%) were also formed, the formation of the latter in an alkaline medium being 
noteworthy. 
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EXPERIMENTAL 

8-Benzamidopropionic Acid.—A solution of 8-aminopropionic acid (10 g.), sodium hydroxide 

1-5 g.), and sodium hydrogen carbonate (29 g.) in water (150 c.c.) was stirred with benzoyl 

chloride (prepared from benzoic acid and thionyl chloride; 25 c.c.) for 2 hr. at 5°, whereafter a 

sample gave no colour with boiling aqueous sodium hydrogen carbonate and ninhydrin. 

\cidification with hydrochloric acid in the presence of benzene (100 c.c.) yielded a syrup which 

solidified. By washing this with hot benzene and twice crystallising it from water, 

4-benzamidopropionic acid (17 g.), m. p. 133°, was obtained; Karrer and Miyamichi (loc. cit.) 
give m. p. 133°. 

8-Benzamidopropionic Anhydride.—8-Benzamidopropionic acid (1-0 g.) in acetic anhydride 

10 c.c.) was heated at 100° for 20 min. Removal of the acetic anhydride at 13 mm. and two 
crystallisations of the residue from absolute ethanol gave (-benzamidopropionic anhydride 
(0-4 g.) as colourless needles, m. p. 122-5—123-5° (Found: C, 66-5; H, 5-6; N, 7:8%; equiv., 
184. C,9H,gO;N, requires C, 65-2; H, 5-5; N, 7-6%; equiv., 184). The anhydride (0-37 g.) 
was warmed with aniline (0-30 c.c.) in ethanol (2 c.c.), the solution acidified with dilute hydro- 
chloric acid, and the precipitated product washed with water and then aqueous ammonia, 
giving B-benzamidopropionanilide (0-25 g.), m. p. 191°. When placed in a bath at 180° the 
material melted, resolidified, and remelted at 191° (Found: C, 72-2; H, 6:0; N, 10-4. 
C,,H,,0,N, requires C, 71-6; H, 6:0; N, 10-4%). Samples of crude anhydride, obtained 
severally by 5, 20, 60, and 210 minutes’ dehydration gave no oxazine on attempted distillation 
at 150°/2 mm., but gave anilide in amounts corresponding to 62, 88, 69, and 58% yields of 
anhydride, respectively. 

Dehydration of 8-Benzamidobutyric Acid.—Acetic anhydride (10 c.c.) and 8-benzamidobutyric 
acid (1:00 g.; Baker and Ollis, loc. cit.) were kept at 100° for 20 min. Removal of 
acetic anhydride at 13 mm. gave a syrup which did not volatilise at 150°/2 mm. and 
with ethanolic aniline gave §-benzamidobutyranilide (0-60 g.), m. p. 190° (Found: N, 9-7. 
Calc. for C,,H,,0,.N,: N, 9-9%). Baker and Ollis (loc. cit.) give m. p. 190°. 

Dehydration of B-Benzamido-8-phenylpropionic Acid.—$-Amino-$-phenylpropionic acid was 
obtained from cinnamic acid and hydroxylamine by Posner’s method (Ber., 1905, 38, 2320) ; 
aqueous alkaline benzoylation gave the N-benzoyl derivative (67%), m. p. 194—196° (from 
acetic acid). Posner (loc. cit.) gives m. p. 194—196°. Dehydration of this benzamido-acid 
(1-0 g.) with acetic anhydride (10 c.c.) at 100° for 20 min. gave a syrup which did not distil at 
150°/10 mm. and with ethanolic aniline gave $-benzamido-8-phenylpropionanilide (0-58 g.), 
m. p. 235° (Found: C, 76-3; H, 5-7; N, 8:7. C,H ON, requires C, 76-7; H, 5-9; N, 81%). 

Ethyl 8-Benzamido-B-phenylbutyrate.—$-Amino-$-phenylbutyric acid was prepared in 43% 
yield by refluxing an ethanolic solution of hydroxylamine and 8-methylcinnamic acid for 240 hr. 
(Posner, Annalen, 1912, 389, 76) ; 8-methylcinnamic acid was recovered unchanged after 20 hours’ 
heating with aqueous ammonia (d 0-88) at 150°. A suspension of the amino-acid (5-0 g.) in 
ethanol (50 c.c.) was saturated with hydrogen chloride at 20° and kept overnight. Ether 
(80 c.c.) and ice-water (200 c.c.) were added and the mixture was made alkaline with con- 
centrated sodium hydroxide solution at <10°. Evaporation of the dried (Na,SO,) ethereal 
layer gave a crystalline residue which was dissolved in dry pyridine (30 c.c.) to which benzoyl 
chloride (4-5 c.c.) was then added. Next morning the mixture was warmed on a water-bath for 
20 min., then poured into water, and the product extracted with ether (2 x 20 c.c.). The 
combined extracts were washed successively with 2N-hydrochloric acid, 2N-sodium carbonate, 
and then water. The syrup obtained by removing the ether from the dried (Na,SO,) extracts was 
then distilled at 230° (bath-temp.)/10 mm., giving ethyl B-benzamido-f-phenylbutyrate (2-4 g.), 
m. p. 84° (from ether) (Found: C, 73-4; H, 6-7; N, 4:4. Cj ,H,,0O,N requires C, 73-3; H, 6-8; 
N, 45%). 

8-Benzamido-8-phenylbutyric Acid.—The afore-mentioned ester (1-6 g.) was stirred for 5 hr. 
with N-potassium hydroxide (40 c.c.) and pyridine (1-6 c.c.). Removal of unchanged ester 
(0-25 g.), followed by acidification of the remaining solution, gave §-benzamido-f-phenylbutyric 
acid as a sticky solid which was dried under vacuum to a brittle mass (1-0 g.). 

5 : 6-Dihydro-4-methyl-6-ox0-2 : 4-diphenyl-1 : 3-oxazine.—Dehydration of the foregoing acid 
(1-0 g.) with acetic anhydride (10 c.c.) at 100° for 4 hr., followed by the removal of the acetic 
anhydride and distillation of the residue, gave 5 : 6-dihydro-4-methyl-6-ox0-2 : 4-diphenyl-1 : 3- 
oxazine (0-85 g.) as a viscous liquid, b. p. 170° (bath-temp.)/10-? mm. (Found: C, 77-2; H, 6-0; 
N, 5-4. C,,H,,O,N requires C, 77:0; H, 5-7; N, 53%). Ethanolic aniline converted the 
oxazine derivative quantitatively into §-benzamido-B-phenylbutyranilide, m. p. 154° (Found: 
C, 77-0; H, 6-2; N, 7-8. CysH,,O,N, requires C, 77-1; H, 6-2; N, 7-8%). 
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6-Benzamidocrotonic Acid.—Ethyl $-benzamidocrotonate (12-5 g.), m. p. 96° (cf. Benary, 
loc. cit.) was stirred for 3 hr. with ethanol (95%; 52 c.c.) containing potassium hydroxide 
(3-1 g.). A white solid separated, which, on acidification, gave benzoic acid (2-5 g.), m. p. and 
mixed m. p. 121°. The mother-liquors were poured into a solution of sodium chloride (11 g.) 
in water (160 c.c.), and the mixture extracted with ether. The dried (Na,SO,) extract yielded 
ethyl benzoate (3-8 g.), n}7 1-5030, b. p. 211°. When the aqueous layer was acidified and kept 
at 0° for 2 hr., 8-benzamidocrotonic acid (0-61 g.), m. p. 139° (from methanol), was obtained 
(Found: C, 64-1; H, 5-3; N, 7:0. C,,H,,0,N requires C, 64-4; H, 5-4; N, 6-8%). 

4-Methyl-6-0x0-2-phenyl-1 : 3-oxazine.—Dehydration of 8-benzamidocrotonic acid (0-2 g.) 
with acetic anhydride (2 c.c.) for 20 min. at 100°, followed by the removal of the acetic anhydride 
at 13 mm., gave a solid which readily sublimed at 150° (bath-temp.)/13 mm. Two crystallis- 
ations of the sublimate (0-18 g.) from ethanol gave 4-methyl-6-ox0-2-phenyl-1 : 3-oxazine, 
m. p. 95° (Found: C, 70-4; H, 5-1; N, 7-1. C,,H,O,N requires C, 70-6; H, 4:9; N, 7-5%). 
The oxazine was quantitatively converted by cold aqueous ammonia (d 0-88) into 6-hydroxy-4- 
methyl-2-phenylpyrimidine, m. p. 215° (Found: C, 70-4; H, 5:3; WN, 14-6. Calc. for 
C,,H,ON,: C, 70-9; H, 5-4; N, 15-0%); Pinner (Ber., 1885, 18, 760) gives m. p. 216°. The 
acetyl derivative had m. p. 42° (Found: N, 12-2. Calc. for C,,H,,O,N,: N, 123%); Pinner 
(ibid., p. 762) gives m. p. 40—41°. 
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The Polysaccharide from the Alga Ulva lactuca. Purification, 
Hydrolysis, and Methylation of the Polysaccharide. 


By (Miss) Joyce W. E. Brapinc, (Mrs.) M. M. T. GEorG-PLANT, 
and (Miss) DorEEN M. Harpy. 


[Reprint Order No. 4658.] 


The isolation of sulphated polysaccharide material from Ulva lactuca is 
described. Preliminary evidence of structure is adduced in the detection and 
estimation of residues of D-xylose, L-rhamnose, D-glucose, and p-glucuronic 
acid, and in the identification of 2: 3: 4-tri-O-methyl- and 2 : 3-di-O-methyl- 
L-rhamnose and 2 : 3: 6-tri-O-methyl-p-glucose after hydrolysis of the methyl- 
ated polysaccharide. The sugar derivatives present in a less fully methyl- 
ated residue have been investigated by paper chromatography and include 
2: 3:4-tri-O-methyl- and 2: 3-di-O-methylxylose, 2 : 3 : 4-tri-O-methyl- and 
2: 3-di-O-methylrhamnose, and unmethylated xylose and rhamnose. Oxid- 
ation of the carbohydrate by periodate, before and after attempted 
desulphation, has been investigated. ; 


THE main object of the work described is to obtain information concerning the poly- 
saccharides of green alge, detailed work in this field having been previously concerned with 
similar products isolated from red or brown seaweeds. In the latter, residues of galactose, 
fucose, and uronic acid commonly occur as structural units and many of these are present as 
sulphate esters. 

The polysaccharide from Ulva lactuca is structurally complex, containing sulphate ester 
and uronic acid groups as well as xylose, rhamnose, and glucose residues. The first in- 
vestigations were carried out on material obtained from the Sussex coast in early July. 
Owing to cessation of work during the war a preliminary account was published (Plant and 
Johnson, Nature, 1941, 147, 390) wherein the sulphate ester nature of the polysaccharide, 
and the isolation of a crystalline derivative of L-rhamnose, from its hydrolysate were 
reported. The available evidence for a uronic acid component was not considered adequate. 
For the continuation of the work, material was obtained, in August 1946 and 1947, from 
the Kyles of Bute, through the kind assistance of the Director of the Scottish Marine 
Biological Association Laboratory, Millport. The method of extraction was similar to that 
used previously but purification has been carried further, yielding a product with 0-8% of 
ash and 4% of nitrogen. Purified material, in the form of its sodium salt, was used for 
methanolysis and hydrolysis experiments. 
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During these studies, amino-acids and peptides were detected among the breakdown 
products, indicating contamination by protein, even though the common protein colour 
reactions were not noticeable when applied to the polysaccharide. The Sevag process 
(Biochem. Z., 1934, 273, 419) proved the most satisfactory method for removing this 
protein, giving material with a nitrogen content of 1%, but the purification involved much 
loss of carbohydrate. No evidence for the presence of an amino-sugar was obtained. 

It was extremely difficult to remove the sulphate groups (cf. Percival and Ross, /., 1950, 
717; Percival and Johnston, J., 1950, 1994). There was only a small loss of sulphate on 
treatment with barium hydroxide under conditions which caused extensive loss of poly- 
saccharide. The periodate oxidation of the polysaccharide, before and after treatment with 
barium hydroxide, was investigated, sodium metaperiodate at 3° being used (Potter and 
Hassid, J. Amer. Chem. Soc., 1948, 70, 3488). The rate of periodate uptake fell to a small 
steady value after about 16 hours and the values obtained by extrapolation, namely, 1 mole 
absorbed by 960 g. of polysaccharide and liberation of 1 mole of formic acid from 4300 g., 
indicate that there are few contiguous free hydroxyl groups in the structure. Reaction with 
sodium hypoiodite showed one oxidisable group in 3450 g. of the polysaccharide (SOj, 15-9%). 
Parallel results on the partly desulphated material (SO,, 13-8%) were : 1 mole of periodate 
absorbed by 520 g., with liberation of 1 mole of formic acid from 1780 g., the 
hypoiodite reducing power remaining virtually unchanged. These results suggest that 
*~CH(OH)-CH(O-SO,Na)-CH(OH): groups may be present. 

One mole of uronic acid is present in 930 g. The equivalent weight, determined by 
titration, is in agreement with that calculated from the uronic and sulphate content. There 
was no reduction in the uronic acid content of material which had been treated with barium 
hydroxide. 

In the earlier stages of the work (Plant and Johnson, Joc. cit.), partial hydrolysis of the 
polysaccharide was effected by 0-2N-sulphuric acid. After conversion of the products into 
methyl glycosides, the mixture was methylated and fractionated. Methyl tri-O-methyl- 
rhamnoside was isolated, this being the first instance of the occurrence of rhamnose in an 
algal polysaccharide. In this work, methanolysis was preferred as a method of breakdown, 
since the loss of uronic acid was less serious: the uronic acid, with other acidic material, 
was separated as its barium salt, and shown to be D-glucuronic acid both by reduction of its 
methyl ester to glucose by lithium aluminium hydride and by complete methylation to 
methyl (methyl 2:3: 4-tri-O-methyl-p-glucosid)uronate. The glycosides were partly 
fractionated by solvent extraction, then hydrolysed and examined on the paper chromato- 
gram. In addition to rhamnose, this showed the presence of xylose and glucose, the 
identities of which were established respectively by the preparation crystalline dibenzylidene 
dimethyl acetal of D-xylose and 2 : 3 : 4: 6-tetra-O-methyl-p-glucose. Glucose hydrazone 
or osazone derivatives could not be isolated. 

The free sugars liberated on acid hydrolysis of the polysaccharide were estimated by 
periodate oxidation (Hirst and Jones, J., 1949, 1659) after separation on the paper chromato- 
gram. The composition was found to be xylose 9-4%, rhamnose 31%, glucose 7:7%, these 
being minimal values, since a small amount of material which moved more slowly than these 
sugars on the paper chromatograms was present. By distillation with hydrochloric acid, 
the glucuronic acid was shown to form 19-2% of the polysaccharide. 

The polysaccharide could not be acetylated, as it formed a hard insoluble product in 
pyridine, but it was methylated by repeated treatments with methyl] sulphate and alkali. 
The product was then fractionated by extraction with chloroform and the soluble portion 
(approx. 17%) was treated with Purdie reagents until a maximum methoxyl content 
(31%) was attained. This product contained 3% of organically bound sulphate; the 
material which was not soluble in chloroform contained 13% of sulphate. In addition, the 
insoluble material did not appear to contain glucose, so that some fractionation into different 
methylated polysaccharides took place on treatment with chloroform, although attempts to 
fractionate the starting material by precipitation in ethanol at various pH’s did not effect 
any separation. After breakdown of the fully methylated product with methanolic 
hydrogen chloride and removal of acids as barium salts, 2 : 3 : 4-tri-O-methylrhamnose was 
isolated after hydrolysis and was the only product indicative of an end group detected in 
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this fraction. The presence of 2: 3-di-O-methyl- and 2: 3: 6-tri-O-methyl-glucose was 
also established. The latter shows the presence of 1 : 4-linked glucose residues, and the 
possibility that some of these are present in cellulosic material cannot be excluded definitely. 
Methylated cellulose is soluble in chloroform, and after hydrolysis of the insoluble fraction 
and examination of the resultant sugar derivatives by paper chromatography, no partially 
methylated or free glucose was detected. The paper chromatograms showed the presence of 
2:3: 4-tri-O-methyl- and 2: 3-di-O-methyl-xylose, 2:3: 4-tri-O-methyl- and 2 : 3-di-0- 
methyl-rhamnose, and unmethylated rhamnose and xylose. A monomethyl-rhamnose and 
-xylose were also present. Thus it appears that the insoluble fraction is either very resis- 
tant to methylation, possibly owing to the presence of sulphate groups, or that it is a highly 
branched polysaccharide. 

No evidence is yet available for fixing the position of the sulphate groups except that 
they must be linked to xylose or rhamnose, for organically bound sulphate remains in the 
chloroform-insoluble methylated material and this does not contain glucose. 


EXPERIMENTAL 

Isolation of the Polysaccharide.—Ulva lactuca was obtained, washed and dried, from the 
Marine Biological Station, Millport. Pigments were extracted from the fronds with cold 85% 
acetone. The product (100 g.) was heated with 0-5% and 0-25% sodium carbonate solution on a 
boiling-water bath. The combined extracts were concentrated, at 85°, to about one-third 
volume (10 1.) and decanted from a residue of calcium salts, and hydrochloric acid was added 
during further concentration to maintain the pH between 7 and 8. The neutralised extract 
(600 ml.) was dialysed against 0-02N-acetic acid, followed by distilled water. The remaining 
inorganic impurity (ash 6%, Ca?*, Fe3*, SO,?-) was removed from a 1% aqueous solution of the 
carbohydrate by ‘‘ Zeocarb 215(H),’’ followed by dialysis. This solution, containing free acid 
polysaccharide, was used for rotation, ash, and equivalent determinations, but it cannot be 
satisfactorily concentrated. The sodium salt was prepared by neutralisation with sodium 
hydroxide, concentration to 400 ml., and precipitation in ethanol (4 1.). The fibrous product 
was converted into a white hygroscopic powder (~20 g.) by trituration with ethanol and ether ; 
this had [a]2%,, —84° (free acid, c, 0-2 in H,O), [x]? —47° (Na salt, c, 0-35 in H,O) [Found: C, 
40-4; H, 5-34; N, 3-9; OMe, 2-2; ash, 0-8, 19-4 (Na salt); total SO,, 15-9; SO, from ash of 
sodium salt, 12-7%; equiv. (by alkali titration), 386]. Oxidation of the sodium salt with 
alkaline iodine in a carbonate—bicarbonate buffer (Auerbach and Bodlander, Z. angew. Chem., 
1923, 36, 602) showed one oxidisable group to be present in 3450 g. of (acid) polysaccharide. 
Estimation of uronic acid by determination of the carbon dioxide liberated on distillation with 
13-15% hydrochloric acid (Dickson, J. Amer. Chem. Soc., 1930, 52, 775) showed one uronic acid 
residue to be present in 913 g. 

Unless otherwise stated, all figures are given as a percentage of ash-free acid polysaccharide. 

Removal of Protein.—The sodium salt (10 g.) was dissolved in water (300 ml.), chloroform 
(225 ml.) and amyl alcohol (22 ml.) were added, and the whole was shaken for6hr. The aqueous 
phase was separated, by centrifugation, from the white, gelatinous lower layer and given four 
more similar treatments, giving the purified polysaccharide (3 g.) (Found: C, 36-4; H, 5-82; 
N, 1:08; ash of Na salt, 19-0; SO,, 17-5%). The chloroform layers were washed with water 
and the solvent distilled off, leaving 2 g. of residue (Found: ash, 11-5; SO,, 5-3%; biuret and 
xanthoproteic tests, positive). 

Attempted Removal of Sulphate from the Polysaccharide.—Treatment with barium hydroxide 
was best effected at +60°. The sodium salt of the polysaccharide was treated with N-barium 
hydroxide for 30 hr. in nitrogen. The solution was neutralised with sulphuric acid, then 
centrifuged, and organic material was removed from the barium sulphate by dilute sodium 
hydroxide at pH 8. The combined aqueous material was concentrated and worked up by 
dialysis and treatment with resin, as described for the Ulva polysaccharide. Approx. 25% of 
the organic starting material passed through the Cellophane in the first dialysis. Examination 
by paper chromatography showed that this material contained very little carbohydrate and at 
least eight amino-acids. The recovery of polysaccharide was 13% (Found: C, 40-2; H, 5-49; 
N, 0-63; OMe, 2:95; ash, 1-4; SO,, 138%; equiv., 450). One g.-equiv. of alkaline iodine 
solution reacts with 3400 g. One uronic acid residue is present in 770 g. 

Periodate Oxidation.—An approx. 1% solution of the polysaccharide (4% of N) was cooled to 
3° and 0-2m-sodium metaperiodate was added (10 ml. to 100 ml. of solution). A series of 10-ml. 
samples were withdrawn and kept at 3°; at intervals up to 36 hr. they were analysed seriatim 


M 


322 Brading, Georg-Plant, and Hardy: 


for periodate content. After 16 hr., the rate of periodate uptake fell to a small steady value, 
and a back-extrapolation of the plot of periodate uptake against time gave the periodate con- 
sumption by the polysaccharide (1 mole was required for the oxidation of 960 g. of the poly- 
saccharide and 520 g. of the material which had been treated with barium hydroxide). The 
production of formic acid was estimated after 50 hours’ oxidation (1 mole of formic acid was 
liberated from 4300 g. of carbohydrate and from 1780 g. of material treated with barium 
hydroxide). A trace of ammonia was liberated during the oxidation. 

' Methanolysis of the Polysaccharide.—A concentrated aqueous solution of the sodium salt of the 
polysaccharide was precipitated in ethanol containing concentrated hydrochloric acid. The 
product (56 g.; ash, 7-2%) was triturated with methanol, suspended in 3% methanolic hydrogen 
chloride (560 ml.), and refluxed for 72 hr. with two further additions of gaseous acid. After 
aeration, a solid residue was filtered off (6 g.), and the solution neutralised with silver carbonate. 
The methanol extract and a suspension of the silver salts in methanol were each treated with 
hydrogen sulphide to liberate organic acids. The syrup obtained on removal of the methanol 
from these solutions {50-4 g.; [c]i{.. +2° (in MeOH); OMe, 15%} was treated with 500 ml. of 
n-barium hydroxide, in nitrogen, for 30 hr. at 60°; at this stage precipitation of barium sulphate 
appeared complete. Excess of barium hydroxide was removed by carbon dioxide; the filtrate 
and washings were concentrated at 40° to a stiff syrup (43-7 g.; SO,, 3-2%). 

The syrup was fractionated, first by extraction with acetone, giving fraction A (1:8 g.). The 
residue was extracted with ethanol containing 1% of ether, giving fraction B (22-9 g.). The 
remaining barium salts, fraction C (15-2 g.), were subdivided by twice esterifying them with 2% 
methanolic hydrogen chloride in the usual way and extracting the resultant syrup with acetone. 
The combined acetone extracts, fraction C, (9-1 g.), contained the esterified uronic constituents. 
The residue was extracted with 96% ethanol to separate the barium salts of organic sulphates 
from inorganic salts, to give fraction C, (2-3 g.). Fraction B contained organic sulphate, but 
further cross-extractions of fractions B and C did not improve the separation. 

After removal of glycosidic groups, the fractions were examined by paper chromatography 
(Hough, Jones, and Wadman, /., 1950, 1702), with the upper phases of the following solvent 
mixtures: n-butanol (4), ethanol (1), and water (5) containing 1% of ammonia; ethyl 
acetate (2), pyridine (1), and water (2); and ethyl acetate (3), acetic acid (1), and water (3) ; 
with aniline hydrogen phthalate and naphtharesorcinol sprays. Constituents were recognised 
by their moving identically with authentic samples in all three solvent media. 

p-Dimethylaminobenzaldehyde, with or without the prior addition of acetylacetone, did 
not give the cherry-red colour, characteristic of amino-sugars, on any of the fractions from 
methanolysis, or on chromatography papers. But the original polysaccharide and fraction B 
slowly developed an orange-red colour, without acetylacetone. No acetyl groups are present 
and this colour is probably due to protein. No 2-hydroxy-1-naphthaldehyde derivative of an 
amino-sugar could be obtained. 

Fraction A gave negative tests for sulphate and uronic acid. After hydrolysis it was shown 
by chromatography to contain xylose, rhamnose, and glucose. Following Breddy and Jones’s 
method (J., 1945, 738), the product (0-40 g.) was treated with benzaldehyde in 0-4 N-methanolic 
hydrogen chloride (0-4 ml. in 1-6 ml.) and left for 7 days. The crystalline product was washed 
with water and methanol, and dried (0-08 g.; m. p. 202—205°). After recrystallisation from 
chloroform-light petroleum, it had m. p. 206° (not depressed by admixture of an authentic 
specimen of di-O-benzylidene-p-xylose dimethyl] acetal), [«]}7 —8° (c, 1-0 in CHCI,) (cf. Breddy 
and Jones, m. p. 211°, [a]? —9°) (Found: C, 66-5; H, 6-2. Calc. for C,,H,,O,: C, 67-7; H, 
6-5%). 

Fraction B contained nitrogen and sulphate (3:2%). After hydrolysis, chromatography 
showed the presence of xylose, rhamnose, glucose, a uronic acid, and two other slow-moving 
constituents. It was not possible to isolate glucosazone from fraction A, after hydrolysis and 
removal of xylose, nor from fraction B after hydrolysis, although the latter was fermented by 
Saccharomyces cerevisiae. 

An ethanol (95%) extract of fraction B was methylated twice with methyl sulphate and 
alkali, followed by Purdie reagents in the usual way (3:26 g.; OMe, 41-5%). Some fully methy]l- 
ated xylose and rhamnose (1-14 g.) were removed at 135—140°/18 mm., and the syrup was then 
distilled at 0-4 mm., giving fractions (a) (0-217 g.), b. p. (bath) 97—100°, (b) (1-086 g.), b. p. 
105—110°, and (c) (0-293 g.), b. p. 110—145°. Fraction (b) (0-19 g.), [a]? +79°, n? 1-4418 
(OMe, 56-5%), was hydrolysed for 8 hr. in N-sulphuric acid (10 ml.) at 100°, the rotation becoming 
constant ([«|f? +67°). After removal of the acid with ‘‘ Deacidite,”’ paper chromatography in 
butanol showed the presence of two constituents; the faster was tetra-O-methylglucose, the 
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slower (Rg 0-89) appeared to be a di-O-methylrhamnose. This mixture was quickly extracted 
with a little light petroleum and when kept deposited 2:3: 4: 6-tetra-O-methyl-p-glucose 
(0-10 g.); when recrystallised from light petroleum, this had m. p. 88—90°, [«]# + 84°, const. 
(c, 0-8 in H,O) (Found: C, 50-7; H, 8-3; OMe, 51-7. Calc. for CygH»0,: C, 50-9; H, 8-5; 
OMe, 52-6%). 

Fraction C, (SOQ,4, 1:8; OMe, 15-2%), on examination by paper chromatography after 
hydrolysis, was shown to contain only traces of xylose, rhamnose, and glucose, with much 
uronic acid. The Dische colorimetric test for glucuronic acid (J. Biol. Chem., 1947, 171, 725) 
gave no conclusive evidence for the presence of this acid. The Ehrlich basic lead acetate reaction 
gave a yellow precipitate, indicative of glucuronic or mannuronic acid. 

Fraction C, (0-2 g.) in boiling dioxan (15 ml.) was reduced by lithium aluminium hydride for 
4 hr. (Lythgoe and Trippett, /., 1950, 1983). The mixture was cooled to 0° and neutralised 
with n-sulphuric acid, aluminium hydroxide was filtered off, and the filtrate and washings were 
concentrated. After acidification and hydrolysis of glycosidic groups, the solution was de- 
ionised by barium carbonate and resins, and concentrated, and the residue (0-16 g.) was examined 
on the paper chromatogram together with samples of fraction C,. There was a marked increase 
in the amount of glucose, relative to the xylose and rhamnose, and only a trace of uronic acid 
remaining in the reduced sample. 

Fraction C, (0-3 g.) was methylated by five treatments with Purdie reagents. The product 
(0-23 g.; OMe, 58-4%) was hydrolysed by barium hydroxide, in the usual way, for separation 
of the acidic constituents as barium salts. The salts were re-esterified by 3% methanolic 
hydrogen chloride, and the product was distilled in a small still at 90—95°, leaving a little residue 
of less volatile material and affording methyl 2: 3: 4-tri-O-methyl-p-glucuronosidate, [«]}? 
+146° (Found: OMe, 58-1%). Treatment of this with methanolic ammonia at 0° and two 
recrystallisations from ethanol-light petroleum gave 2:3: 4-tri-O-methyl-«-p-glucuronosid- 
amide, m. p. 186°, [a]? +145° (Smith, J., 1951, 2649, gives m. p. 188—189°, [a]?? + 149°) 
(Found: C, 48-0; H, 7:6; N, 5:9; OMe, 49-5. Calc. for CjygH,,O0,N: C, 48-2; H, 7-7; N, 
5-6; OMe, 49-8%). 

Estimation of the Sugars Liberated on Hydrolysis.—It was found that a higher value for the 
xylose content of the polysaccharide was obtained if hydrolysis was effected in two stages. 
Accordingly, the polysaccharide (314 mg.) was first hydrolysed with 0-3N-sulphuric acid (7 ml.) 
in a sealed tube at 100° for 12 hr.; the product was neutralised with barium carbonate, con- 
centrated, and extracted with 98% ethanol for removal of monosaccharides. The remaining 
organic material was extracted with water, and the extract was concentrated and hydrolysed 
with n-sulphuric acid for 15 hr. This solution, the ethanol-soluble syrup, and mannose (84 mg.) 
were combined and the whole de-ionised by Amberlite IR-4B and IR-400. The solution was 
concentrated to approx. 1-5 ml. and samples were run on the paper chromatogram in butanol 
solvent (Hough, Jones, and Wadman, J., 1950, 1702). The sugars were located, extracted from 
the paper with water, and estimated by periodate oxidation (Hirst and Jones, loc. cit.). Assum- 
ing that mannose is quantitatively assayed gave the results: xylose 3-26, rhamnose 10-64, 
glucose 2-66, and mannose 8-18 mg., showing the polysaccharide to contain 9-4% of xylose, 
31% of rhamnose, and 7-7% of glucose (percentages of anhydro-sugars). Slower-moving 
constituents on the chromatograms were not estimated. 

Methylation of the Polysaccharide.—The sodium salt of the polysaccharide (15 g. of organic 
material), which had been precipitated in alcohol and triturated with water, was treated with 
30% aqueous sodium hydroxide (670 ml.) and methyl sulphate (250 ml.) for 10 hr. in nitrogen at 
roomtemperature. After dialysis, the solution was concentrated at 45°. Six more methylations 
were carried out at 40°, with reduced quantities of reagents. The average yield was 85%. 
This material, [«]}§ —11° (c, 2 in water) (OMe, 24%), was separated by chloroform extraction 
into a soluble fraction, [«]?? —27° (c, 0-6 in CHCl,), and an insoluble residue (75% of the 
methylated material). ‘ 

The soluble fraction (9 g.; ash, 4%) was repeatedly methylated with methyl iodide (40 ml.) 
and silver oxide (20 g.). After four treatments no further increase in methoxyl content was 
obtained. The product (7-2 g.) was a white powder; [«]}#? —30° (c, 0-4 in CHCI,) (Found: 
C, 50:5; H, 7-6; N, 2-4; OMe, 31; ash, 4; organically bound sulphate, 2-6%). On distillation 
with 13-15% hydrochloric acid, 44 g. of carbon dioxide were liberated from 2150 g. This 
material was dispersed in 4% methanolic hydrogen chloride and refluxed for 60 hr. with five 
further additions of acid gas. After aeration and treatment with silver carbonate, the organic 
material (80%) was separated into an ether-soluble fraction (50%), [«]# + 20° (OMe, 42%), and 
an insoluble fraction (30%; OMe, 32%). The soluble portion was treated with barium 
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hydroxide, in the usual way, giving fraction M (33%; OMe, 43%). The barium salts were 
re-esterified with 1-5% methanolic hydrogen chloride to give an ester fraction (10% ; OMe, 37%). 
Yields and methoxy] figures are average values. 

The insoluble fraction, after dialysis against 0-02Nn-acetic acid and distilled water, was 
neutralised with sodium hydroxide solution and worked up in the usual way, yielding a greenish 
solid, fraction N (OMe, 17:2; ash, 11-4; organically bound sulphate, 18%; 44 g. of carbon 
dioxide liberated from 1010 g.). 

Fraction M was distilled at 2 x 10° mm., to give fractions: (i) (233 mg.) b. p. (bath) 
106—108°, n# 1-4503 (OMe, 49-:1%); (ii) (53 mg.) b. p. 110—115°; (iii) (619 mg.) b. p. 122°, 
n® 1-4562 (OMe, 453%); (iv) (199 mg.) b. p. 144—148°, nif 1-4633 (OMe, 51-3%); (v) (43 mg.) 
b. p. 158—168°; (vi) (100 mg.) b. p. 170—175° (OMe, 44-7%) ; and a residue (1:094g.). Positive 
Schiff and Seliwanoff reactions were given by fractions (iii) and (iv). 

Fraction (i) was hydrolysed by 0-1N- followed by n-hydrochloric acid, [«]?? +35-4° (4 hr.) 
changing to +41-6° (5 hours, const.). Acid was removed by “‘ Deacidite,’’ and the free sugars 
were extracted with ether to remove traces of material from the resin (93%), giving material 
having [«]}? +46-2° (OMe, 42:0%). Paper chromatography showed the presence of 2:3: 4- 
tri-O-methylrhamnose (major part), 2:3: 6-tri-O-methylglucose, and an unidentified con- 
stituent (Rg 0-86—0-87). Extracting the reducing sugars with cold light petroleum and re- 
fluxing the extract (72 mg.) with alcoholic aniline gave the aniline derivative (82 mg.) of tri-O- 
methylrhamnose; after recrystallisation from ethanol-—ether, this had m. p. and mixed m. p. 
110°, [x]? +130° (after 14 hr.; c, 0-3 in COMe,) (Found: C, 64-8; H, 8-1; N, 5-15; OMe, 
32-6. Calc. for C,;H,,0,N: C, 64:1; H, 8-2; N, 5-0; OMe, 33-1%). The sugars remaining 
after petroleum extraction deposited crystals of 2: 3: 6-tri-O-methylglucose; drained on a 
porous tile and recrystallised from ethanol-ether, this bad m. p. and mixed m. p. 120°, [«]}? + 69° 
(c, 1-5 in H,O). The crude solid (55 mg.) was oxidised with bromine in the usual way, and the 
product was distilled, giving 2 : 3 : 6-tri-O-methylgluconolactone, [«]?? +57° —w» +38° (2 days, 
c, 1-1 in H,O containing a trace of acid). This was converted into 2: 3 : 6-tri-O-methylglucono- 
phenylhydrazide, m. p. 143—144° (from ethyl acetate) (Found: C, 54-7; H, 7-4; N, 8-4; 
OMe, 28-0. Calc. for C,;;H,,O,N,: C, 54:9; H, 7:3; N, 8:6; OMe, 28-4%). 

After hydrolysis, nucleation, and storage, fraction (ii) deposited crystals of 2: 3 : 6-tri-O- 
methylglucose, m. p. 119°, and was not further investigated. 

Fraction (iii) was hydrolysed by 0-1N-sulphuric acid, [«],, +-34° —» + 48° (8 hr., const.) ; 
after its neutralisation with barium carbonate, reducing sugars were recovered in 60% yield; 
this product was hydrolysed with n-acid {[«]}? +46° (const. after 3 hr.)} and recovered in 90% 
yield, having [«]}® +45° (c, 1-0 in H,O) (OMe, 33-1%). The loss is probably connected with the 
presence of a labile constituent, responsible for the colour reactions, and in a similar experiment 
levulic acid (dinitrophenylhydrazone, m. p. 205°) was obtained in small yield from the residue 
of barium salts. 

Examination by paper chromatography showed that the reducing sugars consisted mainly of 
2 : 3-di-O-methylrhamnose with some 2: 3: 6-tri-O-methylglucose. Treatment with ethanolic 
aniline gave the aniline derivative of 2 : 3-di-O-methylrhamnose (/J., 1950, 690), which had m. p. 
138°, not depressed by an authentic specimen kindly provided by (the late) Dr. E. G. V. Percival 
(Found: C, 62-5; H, 7-8; N, 4:9; OMe, 22-6. Calc. for C,,H,,0,N : C, 62-9; H, 7-9; N, 5-2; 
OMe, 23-2%). 

Fraction N (2 g.) was hydrolysed by N-sulphuric acid for 24 hr. and the insoluble material 
which remained was hydrolysed by n-sulphuric acid for a further 48 hr. Inorganic material was 
removed from the combined hydrolysates by resins, and the syrup obtained (0-9 g.) was ex- 
amined by paper chromatography, with aniline oxalate, p-anisidine hydrochloride, and naphtha- 
resorcinol sprays. Constituents of the syrup were shown to behave identically with the following 
sugars: 2:3: 4-tri-O-methylxylose, 2: 3: 4-tri-O-methylrhamnose, 2 : 3-di-O-methylrhamnose, 
xylose, and rhamnose. 

2: 3-Di-O-methyl- and 2-O-methyl-xylose, 4-O-methylrhamnose, and methylated uronic 
acids were also probably present. No glucose or methylated glucoses were detected. 
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Steroids. Part IX.* 22: 23-Dichloroergosta-7 : 9(11)-dien-38-yl Acetate 
(Ergosteryl-D Acetate 22 : 23-Dichloride). 
By Joun Paterson and F. S. SPRING. 
[Reprint Order No. 4677.] 


The conversion of ergosteryl-D acetate 22 : 23-dichloride into 1l-oxygen- 
ated derivatives is described. 


TREATMENT of 5a: 6-dihydroergosteryl acetate | with bromine gives an unstable tetra- 
bromoergostenyl acetate, treatment of which with sodium iodide yields ergosteryl-D 
acetate 22: 23-dibromide. Treatment of 5«: 6-dihydroergosteryl acetate with chlorine 
gives in low yield a mixture of tetrachloroergosteny] acetates I and ITI of which the former 
is converted by sodium iodide into ergosteryl-D acetate 22 : 23-dichloride (I; R = Ac) 
(Anderson, Stevenson, and Spring, J., 1952, 2901). The present paper is mainly concerned 
with an examination of the reactions of ergosteryl-D acetate 22 : 23-dichloride. 

Partial dehalogenation of tetrachloroergostenyl acetate II by zinc dust in ether-— 
ethanol gives 22: 23-dichloroergosta-7 : 14-dien-38-yl acetate (ergosteryl-B, acetate 
22 : 23-dichloride), further dehalogenation of which by zinc dust and acetic acid gives 
ergosteryl-B, acetate. 

Dehalogenation of ergosteryl-D acetate 22 : 23-dichloride by zinc dust and acetic acid 
gives ergosteryl-D acetate. The elimination of chlorine from the dichloride is more 
difficult than the removal of bromine from the dibromide. In the latter case conversion 
into ergosteryl-D acetate is complete after short treatment with zinc dust in ether—ethanol, 
conditions which do not effect ergosteryl-D acetate 22 : 23-dichloride. Alkaline hydrolysis 
of the dichloride merely removes the acetyl group, giving (I; R = H). 
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Oxidation of ergosteryl-D acetate 22 : 23-dichloride (I) with 1 mol. of perbenzoic acid 
gives 22 : 23-dichloro-9« : Lla-epoxyergost-7-en-3$-yl acetate (II; R = Ac), characterised 
by alkaline hydrolysis to the alcohol (II; R =H). The structure allocated to the epoxide 
is based on analogy, including a consideration of molecular-rotation differences. Re- 
arrangement of (II; R = Ac) by mineral acid yields 22 : 23-dichloro-7€ : 1la-dihydroxy- 
ergost-8-en-$-yl acetate (III; R= Ac, R’ = H), characterised as the triacetate (III; 
R = R’ = Ac) and by alkaline hydrolysis to the triol (III; R= R’ =H). Perbenzoic 
acid oxidises 22 : 23-dichloro-7é : 1l«-dihydroxyergost-8-ene-38-yl acetate to 22 : 23-di- 
chloro-8« : 9«-epoxy-7é : 1la-dihydroxyergostan-3$-yl acetate (IV; R= Ac, R’ =H), 
which affords normally the triol (IV; R = R’ = H) and the triacetate (IV; R = R’ = Ac). 


dichloro-8« : 9«-epoxy-7 : 11-dioxoergostan-38-yl acetate (V), the structure of which was 
confirmed by its conversion into 7 : 11-dioxoergost-22-en-38-yl acetate (Budziarek, Newbold, 
Stevenson, and Spring, J., 1952, 2892) by zinc dust and acetic acid. 
On treatment with mineral acid, 22 : 23-dichloro-8« : 9a-epoxy-7— : 1la-dihydr- 
oxyergostan-3$-yl acetate (IV; R= Ac, R’ =H) undergoes the arrangement 
* Part VIII, J., 1953, 956. ft Frequently termed ‘“‘ 5-dihydroergosteryl acetate.” 
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observed for 8« : 9a-epoxy-7é : 1la-dihydroxyergost-22-en-38-yl acetate (Heusser, Anliker, 
Eichenberger, and Jeger, Helv. Chim. Acta, 1952, 35, 936) and 22 : 23-dibromo-8z : 9a- 
epoxy-7é : 1la-dihydroxyergostan-38-yl acetate (Budziarek, Hamlet, and Spring, /., 
1953, 778). The product, 3-acetoxy-22 : 23-dichloro-9« : 1la-dihydroxyergostan-7-one 
(VI; R= Ac, R’ = H, R” = C,H,,Cl,), was identified by its smooth transformation into 
the known 38-acetoxy-9« : 1la-dihydroxyergost-22-en-7-one on dechlorination with zinc 


dust. 
The «-orientation of the Cj-hydroxyl group in this and related compounds has been 


established by Maclean and Spring (see following paper). 


EXPERIMENTAL 

M. p.s are corrected; specific rotations were measured in chloroform solution (unless other- 
wise specified) in a l-dm. tube at 16—18°, and ultra-violet absorption spectra in absolute 
ethanol. 

22 : 23-Dichloroergosta-7 : 14-dien-38-yl Acetate.—A solution of tetrachloroergostenyl acetate 
II (385 mg.; [a], —257°) in ether (40 c.c.) and ethanol (60 c.c.) was heated under reflux with 
zinc dust (2 g.) for 2 hr. The product was isolated by means of ether. Crystallisation from 
chloroform—methanol gave in low yield 22: 23-dichloroergosta-7 : 14-dien-38-yl acetate, m. p. 
206—209°, [a], —173°, —169° (c, 1-8, 1-4) (Found: C, 70-5; H, 9-2; Cl, 14-2. C,,H,,O,Cl, 
requires C, 70:7; H, 9-1; Cl, 13-9%). Light absorption: Max. at 2420 A (e 10,000). 

Ergosta-7 : 14: 22-trien-38-yl Acetate (Ergosteryl-B, Acetate)—A solution of 22: 23-di- 
chloroergosta-7 : 14-dien-38-yl acetate (35 mg.) in glacial acetic acid was heated with zinc dust 
(200 mg.) on the steam-bath for 1 hr. The product, isolated in the usual manner, after many 
crystallisations from aqueous methanol, gave ergosteryl-B, acetate as fine needles, m. p. 132— 
134°, [x], —218° (c, 0-3), undepressed in m. p. when mixed with a specimen, m. p. 138—140°, 
prepared as described by Barton and Brooks (J., 1951, 277). Light absorption: Max. at 
2420 A (e 8800). 

22 : 23-Dichloroergosta-7 : 9(11)-dien-38-ol.—A solution of ergosteryl-D acetate 22 : 23-di- 
chloride (430 mg.; m. p. 235—237°, [a], —44°) in benzene (5 c.c.) and aqueous-methanolic 
potassium hydroxide (8%; 85 c.c.) was refluxed for 6 hr. The product was isolated by means 
of ether and crystallised from aqueous acetone, to give 22: 23-dichloroergosta-7 : 9(11)-dien- 
38-ol as needles, m. p. 215—216°, [a], +33-5° (c, 1-4) (Found: C, 69-5; H, 9-8; Cl, 14-0. 
C,,H,4,OCl,,H,O requires C, 69-3; H, 9-55; Cl, 146%). Light absorption: Max. at 2370 
(c 16,200), 2440 (¢ 17,700), and 2520 A (e 12,500). 

22 : 23-Dichloro-9« : 1la-epoxyergost-7-en-38-yl Acetate.—22 : 23-Dichloroergosta-7 : 9(11)- 
dien-38-yl acetate (1 g.) in dry chloroform (22-5 c.c.) was treated at 0° with perbenzoic acid 
(1-3 mols.) in chloroform (6 c.c.) with stirring during 2} hr. and kept at 0° for4hr. The product 
(1 g.), isolated in the usual manner, was repeatedly crystallised from acetone, to give 22 : 23- 
dichloro-9a : 1la-epoxyergost-7-en-38-yl acetate as prismatic needles, m. p. 220—221° (decomp.), 
[a], —34°, —34-3° (c, 1-1) (Found: C, 68-7; H, 9-1. C3 9H,,O0,Cl, requires C, 68-55; H, 8-8%). 
Light absorption : €g9g9 3150, €2;59 1600, &5999 300. The compound gives a light yellow colour 
with tetranitromethane in chloroform. 

Hydrolysis of the acetate for 2} hr. by boiling 3% ethanolic potassium hydroxide gave 22 : 23- 
dichloro-9« : 1la-epoxyergost-7-en-38-ol which separates from acetone as prismatic needles, m. p. 
221—223°, [a], —37° (c, 0-6) (Found: C, 69-8; H, 9-3. C,,H,,0,Cl, requires C, 69-6; H, 
9-2%). Light absorption : egog9 5800, €9349 2100, eyo99 300. 

22 : 23-Dichloro-7§& : 1la-dihydroxyergost-8-en-38-yl Acetate.—22 : 23-Dichloro-9« : 1la-epoxy- 
ergost-7-en-38-yl acetate (3-85 g.) in tetrahydrofuran (40 c.c.) was treated with aqueous sulphuric 
acid (2N; 1-5 c.c.). The mixture was kept at 16° for 4 hr. and the solid (1-6 g.) collected and 
washed with chloroform. From the mother-liquor a further crop (0-17 g.) separated after 
1 hr. The combined crops were crystallised from pyridine, to give 22 : 23-dichloro-7€ : 11a- 
dihydroxyergost-8-en-38-yl acetate as fine needles, m. p. 237—239° (decomp.), [«]) +74°, + 70° 
(c, 0-27, 0-28 in pyridine) (Found: C, 66-3; H, 9-1. C,9H,,0,Cl, requires C, 66-3; H, 8-9%). 
Light absorption : 2199 7300, €2159 6900, coo99 4600. 

22 : 23-Dichloroergost-8-ene-38 : 76: 1la-triol was obtained by refluxing the monoacetate 
with 3% ethanolic potassium hydroxide for 6} hr. It separates from aqueous pyridine as 
rectangular plates, m. p. 225—226° (decomp.), [a]) +135°, + 128° (c, 0-2 in pyridine) (Found : 
C, 67-1; H, 9-4. C,,H,,O,Cl, requires C, 67-05; H, 9-2%). Light absorption: ¢€2;.9 6400, 


£2150 5000, Ege99 3800. 
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Acetylation of the monoacetate with pyridine and acetic anhydride gave the triacetate which 
separates from aqueous acetone as needles, m. p. 151—153°, [a]p +102°, +101° (c, 0-77, 0-62) 
(Found: C, 65:0; H, 8-3. C,,H,;,0,Cl, requires C, 65-05; H, 8-4%). Light absorption : 
£9399 11,300, €o159 9650, eoo99 6700. 

22 : 23-Dichlovo-8x : 9a-epoxy-7& : 1la-dihydroxyergostan-38-yl Acetate-—Perbenzoic acid (1-2 
mols.) in chloroform (10 c.c.) was added to a suspension of 22 ; 23-dichloro-7@ : 1la-dihydroxy- 
ergost-8-en-38-yl acetate (1-34 g.) in chloroform (35 c.c.) and the mixture kept at 16° for 4 hr.; 
dissolution was then complete. The product, isolated in the usual manner and crystallised 
from acetone, gave 22: 23-dichlovo-8a : 9x-epoxy-7& : lla-dihydroxyergostan-38-yl acetale as 
prisms, m. p. 277—279° (decomp.), [a], +-21°, +20° (c, 0-87, 1-0) (Found: C, 64-6; H, 8-7. 
C39H,,0;Cl, requires C, 64-4; H, 8-6%). 

22 : 23-Dichloro-8« : 9x-epoxyergostane-38 : 76: 1la-triol was obtained by refluxing the 
monoacetate with 3% ethanolic potassium hydroxide containing a little benzene for 3 hr. It 
separates from aqueous methanol as needles, m. p. 271—273° (decomp.), [«]p +30°, +28° 
(c, 0-7, 0-5) (Found: C, 65-3; H, 9-0. C,,H,,O,Cl, requires C, 65-0; H, 8-95%). 

22 : 23-Dichloro-8« : 9a-epoxy-38 : 76 : 1la-triacetoxyergostane, obtained by treatment of the 
monoacetate with pyridine and acetic anhydride, separates from aqueous acetone as needles, 
m. p. 212—214°, [a], +7°, +5° (c, 0-6, 1-1) (Found: C, 63-5; H, 8-4. C,,H;,0,Cl, requires 
C, 63-4; H, 8-1%). 

22 : 23-Dichloro-8« : 9a-epoxy-7 : 11-dioxoergostan-38-yl Acetate.—22 : 23-Dichloro-8« : 9«- 
epoxy-7& : 1la-dihydroxyergostan-38-yl acetate (230 mg.) in glacial acetic acid (25 c.c.) was 
treated with a solution of chromic anhydride in acetic acid (N; 2-1 ml.) during 1} hr. The 
solution was stirred for 1 hr., and kept overnight at room temperature and then at 45—50° for 
30 min. The product (230 mg.) was isolated by means of ether and crystallised from methanol— 
chloroform, to give 22: 23-dichloro-8« : 9x-epoxy-7 : 11-dioxcergostan-38-yl acetate as needles, 
m. p. 223—224° (decomp.), [«], -—53-4°, —53° (c, 0-7, 0-7) (Found: C, 64-7; H, 8-1. 
C39H,,0,Cl, requires C, 64-85; H, 8-0%). 

7 : 11-Dioxoergost-22-en-38-yl Acetate.—A solution of 22 : 23-dichloro-8a : 9x-epoxy-7 : 11-di- 
oxoergostan-38-yl acetate (110 mg.) in glacial acetic acid (15 c.c.) was heated on the steam-bath 
with zinc dust (1 g.), added portionwise during 3 hr. The product was isolated by means of 
ether and crystallised from methanol, to give 7 : 11-dioxoergost-22-en-38-yl acetate as needles, 


m. p. 196—198°, [a]) —29° (c, 0-6) (Found: C, 76-4; H, 9-4. Calc. for Cs,H,,O,: C, 76-55; 
H, 9-85%). A mixture with a specimen prepared as described by Budziarek et al. (loc. cit.) was 


undepressed in m. p. 

38-A cetoxy-22 : 23-dichloro-9« : 1l«-dihydroxyergostan-7-one.—A solution of 22 : 23-dichloro- 
8a : 9x-epoxy-7€ : 1la-dihydroxyergostan-38-yl acetate (350 mg.) in acetic acid (5-5 c.c.) was 
treated with hydrobromic acid (48%; 0-5 ml.). The crystalline solid (225 mg.) separating from 
the blue solution was collected after 30 min., washed, and crystallised from acetone, to give 
38-acetoxy-22 : 23-dichloro-9a : 1la-dihydroxyergostan-7-one as prisms, m. p. 285—286° (decomp.), 
[a], —42° (c, 0-85) (Found: C, 64-6; H, 8-7. C3 9H,,0;Cl, requires C, 64-4; H, 8-6%). 

38-A cetoxy-9a : 1la-dihydroxyergost-22-en-7-one.—A solution of 38-acetoxy-22 : 23-dichloro- 
9x : 1la-dihydroxyergostan-7-one (150 mg.) in glacial acetic acid (50 c.c.) was heated for 4 hr. 
on the steam-bath with zinc dust (2 g.). Isolation of the product with ether gave 36-acetoxy- 
9x : 1la-dihydroxyergost-22-en-7-one as rectangular plates (140 mg.) (from methanol), m. p. 
267—269°, [a], —67° (c, 0-7) (Found: C, 73-7; H, 10-0. Calc. for C,,H,,0,: C, 73-7; H, 
9-9%). A mixture with the specimen prepared as described by Budziarek, Hamlet, and Spring 
(Joc. cit.) was undepressed in m. p. 

22 : 23-Dichloro-38 : 9a : 1la-trihydroxyergostan-T-one was obtained from the monoacetate 
by refluxing its solution in aqueous-ethanolic potassium hydroxide (1%) containing a little 
benzene for 1}hr. It separates from chloroform—methanol as plates, m. p. 286—287° (decomp.), 
[a], —49°, —50° (c, 0-3 in pyridine) (Found: C, 63-3; H, 9-2. C,,H,,O,Cl,,MeOH requires 
C, 63-4; H, 9-2%). 

Acetylation of the monoacetate by acetic anhydride and pyridine on the steam-bath for 
3 hr. gave 38: lla-diacetoxy-22 : 23-dichloro-9«-hydroxyergostan-7-one which separates from 
methanol-chloroform as needles, m. p. 292—293° (decomp.), [«]p —36°, —34° (c, 0-6) (Found : 
C, 64:1; H, 8-6. C3,H; 90,Cl, requires C, 63-9; H, 8-4%). 

We are glad to acknowledge our indebtedness to Glaxo Laboratories Ltd. for grants in aid 
of this work, and to Dr. R. C. Anderson for assistance with some of the experiments described. 
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Steroids. Part X.* 7- and 11-Oxo-steroids from 22 : 23-Dibromo- 
7&: ll«-dihydroxyergost-8-en-38-yl Acetate. 
By DuNcAN MACLEAN and F. S. SPRING. 
[Reprint Order No. 4678.] 

Short treatment of 22: 23-dibromo-7é : 1la-dihydroxyergost-8-en-38-yl 
acetate (I) with boron trifluoride gives a mixture of the two Sy-unsaturated 
ketones, 22 : 23-dibromo-7-oxoergost-9(11)-en-36-yl acetate (II) and 22: 23- 
dibromo-11-oxo-98-ergost-7-en-38-yl acetate (III). Oxidation of (II) with 
osmium tetroxide (followed by acetylation and debromination) gives a 
product identical with the 3: 11-diacetate of 38 : 9§ : 1la-trihydroxyergost- 
22-en-7-one (Budziarek, Hamlet, and Spring, /., 1953, 778). It follows that 
the hydroxyl group at Ci in this and related compounds is «-orientated. 


TREATMENT of 22 : 23-dibromo-9« : 11a-epoxyergost-7-en-3$-yl acetate with sulphuric acid 
gives 22 : 23-dibromo-7é : 11«-dihydroxyergost-8-en-38-yl acetate (I) (Budziarek, Johnson, 
and Spring, J., 1952, 3410). Treatment of (I) with the boron trifluoride—ether complex in 
absolute benzene for a short time gives two isomeric non-conjugated unsaturated ketones. 
One of these is 22 : 23-dibromo-11-oxo-98-ergost-7-en-38-yl acetate (III). Debromination 
of this by zinc in benzene-ethanol yields 1l-oxo-98-ergosta-7 : 22-dien-38-yl acetate, 
previously prepared (Bladon, Henbest, Jones, Lovell, Wood, Woods, Evans, Elks, 
Hathway, Oughton, and Thomas, /J., 1953, 2921; Heusler and Wettstein, Helv. Chim. Acta, 
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1953, 36, 398) by short treatment of 9a : 1la-epoxyergost-7-en-38-yl acetate with boron 
trifluoride. Filtration of a solution of (III) through a column of alumina converts it into 
the conjugated isomer (V) described by Budziarek, Johnson, and Spring (loc. cit.). The 
second (major) product of the reaction of (I) with boron trifluoride is 22 : 23-dibromo- 
7-oxoergost-9(11)-en-38-yl acetate (II), treatment of which with dilute alkali followed 
by reacetylation gives the isomeric «$-unsaturated ketone (IV) previously obtained by 
a different method (Budziarek, Johnson, and Spring, Joc. cit.). Treatment of the triol 
monoacetate (I) with boron trifluoride for a short time followed directly by chromato- 
graphy of the reaction mixture on alumina yields the «$-unsaturated ketones (V) and (IV) 
in one operation, the #y-unsaturated ketones being isomerised on the column. 


* Part IX, preceding paper. 


[1954] Steroids. Part X. 329 


Debromination of 22 : 23-dibromo-7-oxoergost-9(11)-en-38-yl acetate (II) by zinc dust 
in ether-ethanol gives 7-oxoergosta-9(11) : 22-dien-36-yl acetate, [«]p —55°, identical with 
the product obtained by a different method by Heusser, Anliker, Eichenberger, and Jeger 
(Helv. Chim. Acta, 1952, 35, 936; cf. Schoenewaldt, Turnbull, Chamberlin, Reinhold, 
Erickson, Ruyle, Chemerda, and Tishler, J. Amer. Chem. Soc., 1952, 74, 2696). The 
compound differs from 7-oxoergosta-9(11) : 22-dien-38-yl acetate, [a]p +20°, described by 
Budziarek, Stevenson, and Spring (J., 1952, 4874; Budziarek, Newbold, Stevenson, and 
Spring, J., 1952, 2892) who concluded that the two isomers differ in orientation around C;g). 
Recently a Cg-epimer of 7: 11-dioxoergost-22-en-38-yl acetate has been described 
(Budziarek and Spring, J., 1953, 956) and a comparison of the molecular-rotation relation 
of the two diketones with those of the two unsaturated ketones supports the original view 
and suggests that the isomer of [«]p -++20° is 7-oxo-8a-ergosta-9(11) : 22-dien-38-yl acetate 
(IIa) and that the isomer of [«]) —55° has the normal 88-configuration. 
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Oxidation of 22 : 23-dibromo-7-oxoergost-9(11)-en-38-yl acetate (II) with perbenzoic 
acid gives the 9a: 1la-epoxide (VI) previously obtained by oxidation of ergosteryl-D 
acetate 22: 23-dibromide with hydrogen peroxide (Anderson, Stevenson, and Spring, 
J., 1952, 2901). 

Treatment of 7-oxo-8«-ergosta-9(11) : 22-dien-38-yl acetate successively with bromine, 
perbenzoic acid, and zinc dust gives 9« : 1la-epoxy-7-oxoergost-22-en-38-yl acetate (as 
VI, but R = C,H,,) (Budziarek, Newbold, Stevenson, and Spring, Joc. cit.) which is also 
obtained from the dibromide by debromination ; one of these reactions must have involved 
inversion at Cig). This probably occurred in the latter and not in the former case since, 
although 9a: 11«-epoxy-7-oxoergost-22-en-3$-yl acetate is very sensitive to alkali 
(Budziarek, Stevenson, and Spring, Joc. cit.), it is recovered unchanged after treatment with 
acetic acid, or with hydrogen bromide in acetic acid under which conditions 7 : 11-dioxo- 
8a-ergost-22-en-38-yl acetate is converted into the more stable 8f-epimer. For this 
reason, 9a : 11a-epoxy-7-oxoergost-22-en-38-yl acetate is believed to have the normal 8- 
configuration. 

Oxidation of 22: 23-dibromo-7é : 1l«-dihydroxyergost-8-en-38-yl acetate (I) with 
perbenzoic acid gives 22 : 23-dibromo-8« : 9«-epoxy-7é : 1la-dihydroxyergostan-3-yl 
acetate (VII), which with hydrogen bromide in acetic acid gives 22 : 23-dibromo-9€ : 1la- 
dihydroxy-7-oxoergostan-38-yl acetate and thence by debromination 9 : 1la-dihydroxy- 
7-oxoergost-22-en-38-yl acetate (Budziarek, Hamlet, and Spring, J., 1953, 778; Budziarek 
and Spring, Chem. and Ind., 1952, 1102). This compound has been obtained from 7€ : 1la- 
dihydroxyergosta-8 : 22-dien-38-yl acetate (as I, but R = C,H,,) under similar conditions 
by Heusser, Anliker, Eichenberger, and Jeger (Helv. Chim. Acta, 1952, 35, 936) and by 
Budziarek, Newbold, Stevenson, and Spring (/., 1952, 2892) by treatment of 9a: 1la- 
epoxyergosta-7 : 22-dien-36-yl acetate successively with 1 mol. of bromine, excess of 
perbenzoic acid, and zinc. The configuration of the 9-hydroxyl group in these compounds 
has now been established. Oxidation of (II) with osmium tetroxide followed by 
acetylation of the product gives a diacetate (VIII) identical with that obtained by 
acetylation of 22: 23-dibromo-9£ : 11«-dihydroxy-7-oxoergost-22-en-38-yl acetate. The 
last compound is consequentlv a cis-glycol and the 9-hydroxyl group in this and related 
compounds is «-oriented. 

EXPERIMENTAL 

M. p.s are corrected. Specific rotations were determined in CHCl, in a l-dm. tube at 
approx. 15°. Ultra-violet absorption spectra were measured in EtOH, with a Unicam SP. 500 
spectrophotometer. For chromatography, activated alumina (Grade II) and light petroleum 
(b. p. 60—80°) were employed. 


330 Maclean and Spring : 


22 : 23-Dibromo-11-ox0-9B-ergost-7-en-38-yl Acetate-—A suspension of 22: 23-dibrsmo- 
7& : 1la-dihydroxyergost-8-en-38-yl acetate (500 mg.) in benzene (100 ml.) was shaken with 
boron trifluoride-ether complex (1 ml.). After 12 min., dissolution was complete; the mixture 
was diluted with ether and the product isolated in the usual manner. Twelve crystallisations 
of the product from acetone yielded 22 : 23-dibromo-11-ox0-98-ergost-7-en-38-yl acetate as needles 
(25 mg.), m. p. 200—203°, [a]) —118° (c, 0-5) (Found : C, 58-9; H, 7-85. Cj 9H,,O,Br, requires 
C, 58-6; H, 7-55%). It does not show selective absorption of high intensity above 2200 A. 

22 : 23-Dibromo-7-oxoergost-9(11)-en-38-yl Acetate-—The combined mother-liquors from the 
first eight crystallisations of the foregoing compound were concentrated. A crop of plates 
(400 mg.; m. p. 231—233°) was obtained, two recrystallisations of which from acetone gave 
22 : 23-dibvomo-7-oxoergost-9(11)-en-38-yl acetate as rhombic plates, m. p. 231—233°, [«], —36°, 
—34° (c, 2-2, 1-8) (Found: C, 58-85; H, 7:7%). It gives a pale yellow colour with tetranitro- 
methane in chloroform and does not show selective absorption of high intensity above 2200 A. 

22 : 23-Dibromo-11-oxoergost-8-en-38-yl Acetate-——(a) A solution of 22: 23-dibromo-11]-oxo- 
98-ergost-7-en-38-yl acetate (100 mg.) in benzene (25 ml.) was filtered through a column of 
alumina (8 X 2 cm.). Elution with benzene (300 ml.) gave 22 : 23-dibromo-|l-oxoergost-8- 
en-38-yl acetate (70 mg.) which separates from methanol as elongated plates, m. p. 200—201°, 
‘aly +98° (c, 1-0). It does not give a colour with tetranitromethane in chloroform and a 
mixture with a specimen prepared according to Budziarek, Johnson, and Spring (loc. cit.) was 
undepressed in m. p. 

(b) A suspension of 22 : 23-dibromo-7é : 1la-dihydroxyergost-8-en-38-yl acetate in benzene 
was treated with boron trifluoride-ether complex as described above. A solution of the product in 
benzene-light petroleum (50 ml.; 1:4) was filtered through alumina (15 x 2 cm.). Elution 
with benzene (350 ml.) gave a fraction (100 mg.) which, after five crystallisations from methanol, 
gave 22: 23-dibromo-11l-oxoergost-8-en-38-yl acetate as elongated plates, m. p. 200—203°, 
[a]p +96° (c, 1:0) (Found: C, 58-8; H, 7-7%). It does not give a colour with tetranitro- 
methane in chloroform. Light absorption: Max. at 2540 A (e 9000). It was undepressed in 
m. p. when mixed with a specimen described above. 

22 : 23-Dibromo-7-oxoergost-8-en-38-yl Acetate-——(a) Continued washing of the alumina 
column described in (a) above with ether (300 ml.) gave a fraction (260 mg.) which separated 
from methanol—chloroform to give 22 : 23-dibromo-7-oxoergost-8-en-38-yl acetate as plates, 
m. p. 240—242°, [a], —29° (c, 0-5) (Found: C, 58-8; H, 7-6%). Light absorption: Max. at 
2530 A (c 9000). It does not give a colour with tetranitromethane in chloroform. It is 
undepressed in m. p. when mixed with a specimen, m. p. 240—242°, [a], —28°, prepared as 
described by Budziarek, Johnson, and Spring (loc. cit.). 

(b) A solution of 22 : 23-dibromo-7-oxoergost-9(11)-en-38-yl acetate (170 mg.) in 2% 
aqueous-methanolic potassium hydroxide (50 ml.) was heated under reflux for 2 hr., and the 
product acetylated by hot pyridine and acetic anhydride for 3 hr. The acetylated product 
crystallised from methanol-chloroform, to yield 22 : 23-dibromo-7-oxoergost-8-en-36-yl acetate 
(150 mg.), [«]p —28° (c, 2-0), m. p. 239—241° undepressed when mixed with the specimen 
described above (Found: C, 58-6; H, 7:-6%). Light absorption: Max. at 2520 A (e 9250). 

11-Oxo-98-ergosta-7 : 22-dien-38-yl Acetate —A solution of 22 : 23-dibromo-11-oxo-98-ergost- 
7-en-38-yl acetate (1 g.) in benzene—ethanol (200 mi.; 1:1) was heated under reflux for 3$ hr. 
with zinc dust (3 g.) added portionwise. The product was isolated in the usual manner and 
crystallised from acetone to give 11l-oxo-98-ergosta-7 : 22-dien-38-yl acetate as hexagonal 
plates, m. p. 159—161° (600 mg.), [«]) —206° (c, 2-55) (Found: C, 79-5; H, 10-1. Calc. for 
CyoH,,O3: C, 79-2; H, 10-2%). Bladon et al. (loc. cit.) give m. p. 159—161°, [a]p —191°. It 
gives a pale yellow colour with tetranitromethane in chloroform and does not show selective 
absorption of high intensity above 2200 A. 

7-Oxoergosta-9(11) : 22-dien-38-yl Acetate—A solution of 22 : 23-dibromo-7-oxoergost-9(11)- 
en-36-yl acetate (500 mg.) in ethanol-ether (50 ml., 1 : 1) was heated under reflux for 3 hr. with 
zinc dust (2 g.) added portionwise. 7-Oxoergosta-9(11) : 22-dien-38-yl acetate was isolated 
by means of ether and crystallised from acetone as plates (300 mg.), m. p. 177—178°, [«]p —55° 
(c, 1-3) (Found: C, 79-4; H, 10-2%). It gives a pale yellow colour with tetranitromethane in 
chloroform and shows no selective light absorption of high intensity above 2200 A. Heusser 
et al. (loc. cit.) give m. p. 176—177°, [«]) —58°, and Schoenewaldt e¢ al. (loc. cit.) give m. p. 176— 
177°, [a]p —43°5°. 

30-Hydroxyergosta-8 : 22-dien-7-one.—A solution of 7-oxoergosta-9(11) : 22-dien-36-yl acetate 
(300 mg.) in 3% aqueous-methanolic potassium hydroxide (50 ml.) was heated under reflux for 
2hr. The product, 36-hydroxyergosta-8 : 22-dien-7-one, crystallised from methanol as plates 
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(200 mg.), m. p. 175—177°, [a], —45° (c, 1-0) (Found: C, 81-4; H, 10-7. Calc. for C,,H,,O, : 
C, 81-5; H, 10-75%). Light absorption: Max. at 2560 A (ec 9000). It gives a pale yellow 
colour with tetranitromethane in chloroform and was undepressed in m. p. when mixed with a 
specimen prepared as described by Schoenewaldt e¢ al. (loc. cit.). 

22 : 23-Dibromo-9« : lla-epoxy-7-oxoergostan-38-yl Acetate-—A stirred solution of 22: 23- 
dibromo-7-oxoergost-9(11)-en-38-yl acetate (4-35 g.) in chloroform (50 ml.) was treated dropwise 
with perbenzoic acid (1-1 mols.) in chloroform (14 ml.) during 3 hr. at 0°. The solution was 
kept at 0° overnight and the product isolated in the usual manner. Crystallisation from 
methanol-chloroform gave 22: 23-dibromo-9« : 1la-epoxy-7-oxoergostan-38-yl acetate as 
plates (3-3 g.), m. p. 228—230°, [a], —44° (c, 2-5). Two cr}stallisations from acetone gave 
elongated needles, m. p. 222—224° [either alone or mixed with a specimen prepared according 
to Anderson et al. (loc. cit.)], [«]p —49° (c, 1-1) (Found: C, 57-2; H, 7-4. Calc. for C,,H,,0,Br, : 
C, 57-1; H, 7-35%). It does not show selective absorption of high intensity above 2200 A. 

38 : Lla-Diacetoxy-22 : 23-dibromo-9u-hydroxyergostan-7-one.—A solution of 22 : 23-dibromo- 
7-oxoergost-9(11)-en-38-yl acetate (1-0 g.) in ether-benzene (50 c.c.; 4:1) and pyridine 
(0-74 c.c.) was treated with osmium tetroxide (1-0 g.); a brown colour rapidly developed. 
After 5 days at room temperature, the mixture was evaporated under reduced pressure and the 
residue refluxed for 5 hr. with a solution of sodium sulphite (5 g.) in aqueous ethanol (100 c.c. ; 
50%). The mixture was concentrated under reduced pressure, acidified (Congo-red) with 
dilute hydrochloric acid, and extracted with ether (2 x 150 c.c.) and then with chloroform 
(2 x 150 c.c.). The washed and dried (Na,SO,) chloroform extract was evaporated and the 
residue treated with acetic anhydride—pyridine at room temperature overnight. The acetylated 
product crystallised from chloroform-methanol to give 38: lla-diacetoxy-22 : 23-dibromo- 
9a-hydroxyergostan-7-one (550 mg.) as needles, m. p. 247—-250° (not raised by further 
crystallisation) alone or mixed with a specimen prepared as described by Budziarek, Hamlet, 
and Spring (loc. cit.), [«])» —27° (c, 1-0) (Found: C, 55-95; H, 7:4. Calc. for C;,.H;,0,Br, : 
C, 55-65; H, 73%). The substance showed no high-intensity light absorption above 2200 A 
and gave no colour with tetranitromethane in chloroform. Budziarek, Hamlet, and Spring 
give m. p. 259—260°, [a] —29°, —27°; the m. p. is dependent upon the rate of heating. The 
material extracted by means of ether was acetylated and the acetate purified by 
chromatography on alumina to give 38: 1la-diacetoxy-22 : 23-dibromo-9«-hydroxyergostan-7- 
one (300 mg.), m. p. 247—249° alone or mixed with the specimen above, [«]) —27° (c, 2-0) 
(Found: C, 55-9; H, 7-5%). 

32 : 1la-Diacetoxy-9x-hydroxyergost-22-en-7-one.—A solution of 38: lla-diacetoxy-22 : 23- 
dibromo-9«-hydroxyergostan-7-one (200 mg.) in methanol—benzene (50 c.c.; 1:1) was refluxed 
with zinc dust (3-0 g.) activated by ammonium chloride added during 4 hr. The product, 
isolated by means of ether, was 3 : 1la-diacetoxy-9a-hydroxyergost-22-en-7-one (120 mg.), 
separating from aqueous acetone as needles, m. p. 193—195° [alone or mixed with a specimen 
(m. p. 194—196°) prepared by Budziarek, Hamlet, and Spring (loc. cit.)], [«#]p —46° (c, 1-0) 
[lit., —43° (c, 1-0)] (Found: C, 72-6; H, 9-8. Calc. for C3;,H;90,: C, 72-4; H, 95%). 
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Chemical Bonds involving d-Orbitals. Part I. 
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Overlap integrals involving 3s-, 3p-, 3d-, 4s-, and 4p-orbitals (see Part II, 
following paper) have been used as criteria of bond strengths in a critical 
discussion of chemical bonds which may require the use of d-orbitals. 
Pauling’s treatment of o-bonds of this type (‘‘ Nature of the Chemical Bond,”’ 
Cornell Univ. Press, 1950) has been extended by considering the effect of 
variations of the radial part of the wave-functions. The occurrence of x-bonds 
and of other types has been considered. 

The values of the overlap integral between various hybrid o-orbitals and a 
3p-orbital, all the exponents being taken as equal, lead to conclusions differing 
quantitatively from those obtained by Pauling, who considered the products 
of the maxima of the angular functions. 

It is found that Slater orbitals (Phys. Review, 1930, 36, 57) for the inner 
valency d-electrons of the transition metals are too compact to give large 
overlaps with ligand orbitals which are themselves compatible with the s- 
and the p-orbitals of the central atom. On the other hand, with elements 
such as phosphorus and sulphur the outer d-orbitals are much too diffuse for 
electrons in them to be likely to form useful bonds. In the former case the 
Slater functions are probably at fault; but in the latter it must be assumed that 
the d-orbitals on the central atom contract as a result of perturbation by the 
ligands. 

A number of different cases of d,—-p,- and d,-d,-bonding are considered. 
It is shown that the overlap values are often large enough to give quite strong 
bonds, and are rather insensitive to difference in size of the bonded orbitals. 
In particular, a diffuse d,-orbital may overlap quite strongly with a compact 
p,-orbital. Hybridisation between p,- and d,-orbitals to give strongly 
directed m-bonds is shown to be possible. 

Bonds of types other than o and zare considered, but the overlap values for 
them are found to be small. 

The experimental evidence for the participation of d-orbitals in bonding is 
discussed in the light of these conclusions. It is shown that reasonable over- 
lap values are found for most of the important situations in which x-bonding 
between d,- and p,- or d,-orbitals has been postulated. The experimental 
facts that central atoms which could use penultimate d-orbitals do form com- 
pounds with ligands of low electronegativity, while those with ultimate d- 
orbitals rarely do this, save with the more electronegative ligands, are explained 
as previously indicated. The importance of the conditional stability of d- 
orbitals, both 6 and x, resulting from the polar character of the bonds formed 
by the s- and the p-orbitals is stressed. The effect of double-bonding on the 
stereochemistry of the transition-metal compounds is discussed. 


THE importance of d-orbitals in covalent bonding has been much discussed since Pauling’s 
classic paper on the hybridisation of atomic orbitals in molecule formation (J. Amer. 
Chem. Soc., 1931, 58, 1367). That it is real is shown by the existence of peculiar spatial 
arrangements which can be rationalised if such d-orbital hydridisation be postulated. 
Examples are the square arrangement of equivalent bonds in, e.g., {ICl,]~ (Mooney, Z. 
Krist., 1938, 98, 377) and [Ni(CN),]-~ (Brasseur et al., ibid., 1934, 88, 210), of trigonal 
bipyramidal bonds in phosphorus pentachloride (Rouault, Compt. rend., 1938, 207, 620), 
of tetragonal pyramidal bonds in iodine pentafluoride (Lord e¢ al., J. Amer. Chem. 
Soc., 1950, 72, 522), of octahedral bonds in sulphur hexafluoride (Brockway and Pauling, 
Proc. Nat. Acad. Sci., 1933, 19, 68), and of pentagonal bipyramidal bonds in iodine hepta- 
fluoride (Lord et al., loc. cit.) Furthermore such arrangements often occur in association with 
magnetic properties (Pauling, “‘ Nature of the Chemical Bond,” Cornell Univ. Press, 1950) 
which can be predicted from the same hypothesis. 
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It has been suggested that d-orbital hybridisation may account for the abnormal 
strength of the simple homocentric o-bonds formed by the elements of the second short 
period, compared with those formed by elements of the first (Mulliken, J. Amer. Chem. Soc., 
1950, 72, 4493). Further, x-bonding involving d-orbitals has been shown, not only to be 
formally possible in certain cases, but to explain certain physical and chemical pro- 
perties of transition-metal compounds with an octahedral arrangement of o-bonds based 
on d*sp* hybridisation or with square bonds from ds? hybridisation (Pauling, of. cit.), of 
thiophen (Longuet-Higgins, Trans. Faraday Soc., 1949, 45, 173), of the sulphoxides and 
sulphones (Koch and Moffitt, 1b¢d., 1951, 47, 7), and of some of the complexes formed by 
tertiary phosphines, arsines, and stibines, or by sulphides, selenides, or tellurides (see Chatt, 
J., 1952, 4300, and Nyholm, /., 1951, 3245, for full references). Gillespie (J., 1952, 1002) 


Fic. 1. 


o* 


aoe eh- =; 


po dx zy? 
A, o- and schedo-e-Bonding. 


B-B- SR, 


wT dry 
B, 7-Bonding. C, 8- rors... 


? fi 
ae © with (+) or (X-) or 
da dz 


D, a-Symbatic bonding. 


has drawn attention to the possible importance of d-orbitals in the formation of activated 
complexes, even for elements from the first short period. It is therefore of interest to 
apply new canons of criticism to the main hypothesis and its ramifications. 

The present work originated in a desire to discover the dependence of bond strength on 
the radial part of the d-orbital involved. Pauling assumed that the difference between 
the radial functions for s-, #-, and d-orbitals could be ignored, and concentrated 
attention on the angularfunctions. He carried this view so far as to postulate a quantit- 
ative relation between the maximum value of the angular function and the bonding power 
of the orbital, viz., that the strength of a bond is proportional to the product of these 
maxima for the two orbitals used by them (Pauling, of. cit.). For qualitative explanations 
of the facts of stereochemistry this simplification seems adequate : but it now seems inade- 
quate for more precise discussion; e.g., Maccoll (Trans. Faraday Soc., 1950, 46, 369) and 
Mulliken (J. Amer. Chem. Soc., 1950, 72, 4493) have shown that conclusions based on it 
about the relative strengths of bonds between s, #, and sf hybrid orbitals on two centres 
are not supported by calculations of overlap integrals or by experimental evidence. 
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From a review of the observational evidence, it appears that differences of radial function 
might even be of major importance. It is well known that the higher valencies of the 
B-sub-group elements, which are considered to involve hybridisation of d-orbitals with s- and 
p-orbitals, are developed only by ligands of high electronegativity. On the other hand, this 
is not true of ligands which form strong octahedral complexes with the ions of the transition 
elements Cr, Mn, Fe, Co, Ni. 

The whole question of the participation of d-orbitals in covalent bonds of various kinds 
was therefore re-examined by the best means at present available, t.e., by the calculation 
of overlap integrals. The main conclusions were presented at a symposium on Co-ordin- 
ation Chemistry (I.C.I. Report BRL/146, of 1950; see also Nature, 1951, 167, 434). 

Before the results are described and discussed, it is necessary to consider in more detail 
the formal nature of the problem and the means of attacking it. This is done in the next 
three sections. The detail of the calculations, and the main body of numerical results are 
given in Part II (following paper). 

The Forms of Bonding available with d-Orbitals—It is assumed in the present discussion 
that the angular functions of s-, p-, or d-orbitals are the same as in the free atoms, 7.¢., 
that molecule formation has no serious effects on them. We then see that d-orbitals, 
because of their more elaborate symmetry, might form more kinds of bond than can s- or 
p-orbitals. 

Because linear molecules have cylindrically symmetrical fields, their bonds may be 
classified as o, ~, 5, etc., according as the corresponding orbitals have 0, 1, 2, etc., units of 
angular momentum about the molecular axis. In such cases, d-orbitals can give rise to 
o-, x-, or 8-bonds. The respective possibilities are shown in Figs. 1 A—C. 

In non-linear molecules this classification breaks down. The types of bond already 
mentioned may be modified, and new types may appear. Two particular points arise. 
First, a d,s_,: type of orbital * with a lobe directed along the line of centres (which would 
have to be the x- or the y-axis for the atom about which this orbital is centred) can form a 
very good approximation to a o-bond since, in the essential bonding region, it has very 
nearly the characteristic cylindrical symmetry. Such bonds are often called o-bonds 
without qualification, but they might better, perhaps, be distinguished as ‘‘ schedo-o”’ or 
‘“ pretty-nearly-s ’’ bonds. Secondly, a d,s orbital can combine with an s, a fz, or a py 
orbital, or a further d, orbital with its axis parallel to the first one, on another atom (see 
Fig. 1D), the line of centres being the x or the y axis; also it may hybridise with s, p,, or 
p, orbitals on the same atom. In such circumstances a d,s orbital may be described as o- 
symbatic : a bond between two such orbitals is best termed a d,»—d,z-bond. 

x-Bonding arises if an orbital such as d,, is oriented with its positive and negative lobes 
equally inclined to the line of centres, and requires a similar d-orbital or a #,-orbital at 
the other centre (Fig. 1B); and 8-bonding arises only between two dzy-, dze-, dyz-, OF dy2_y2~ 
orbitals oriented with their lobar planes parallel, as in Fig. 1D. 

Symmetry conditions allow hybridisation between orbitals on the same centre, having 
the same symmetry about the bond axis. 

Just as it has already been assumed that the angular functions of the atomic orbitals are 
the same in the combined as in the free atoms, so it might be assumed initially that the radial 
functions are not much altered. Now, in the cases which will be considered, if d-orbitals 
participate in o-bonding it is through hybridisation with s- and #-orbitals. A hybrid 
orbital will form a strong o-bond only if it is well concentrated along the bond direction. 
This means that the component functions must have their maximum values at about the 


3 * The notation used is that of, e.g., Eyring, Walter, and Kimball (‘Quantum Chemistry,”’ Wiley, 
New York, 1944, p. 89) and differs from that of, e.g., Pauling and Wilson (‘‘ Introduction to Quantum 
roger McGraw-Hill, New York, 1935, pp. 138—9). For convenience, the relation between them is 
given below : 


Angular function Notation of Eyring e¢ al. Notation of Pauling and Wilson 
3 cos? @ — 1 dz d, 

sin 8cos @ cos ¢ das desis 

sin 6 cos @ sin ¢ d dz 2 

sin? 6 cos 2¢ ‘ dgy 

sin? @ sin 2¢ d 
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same regions in space since otherwise the reinforcement and annulment of the wave 

function caused by hybridisation would cause little change in total electron distribution in 

any particular orbital and so would not cause stronger total binding. There can, for 

example, be useful hybridisation between 2s and 24 functions but not between 2/ and 3s. 
Slater radial functions have the form 


Ril7) = re" @ 


n being an effective principal quantum number, and « = Z*/n depending on and upon an 
effective atomic number Z* assigned for a given case by Slater’s rules (Slater, Phys. Review, 
1930, 36, 57). They have a maximum at 7,, = /«; SO 7%, values may be used asa rough 
criterion of compatibility. 

In general, for Slater functions corresponding to orbitals having the same main quantum 
number, or having these differing by only unity, the projection is determined mainly by «. 
Slater’s rules assign equal exponents to s and p functions; so hybridisation between them 
gives strongly bonding functions. For d-orbitals, however, the exponent assigned is 
different : e.g., in nickel, with the configuration (3d)°4s, Slater’s rules give 


a(3d) = 2-4, n = 3, whence 7,, = 1-25 a.u. 
a(4s, 4p) = 1-0, » = 3-7, whence 7,, = 3-7 a.u. 


Contrariwise, for sulphur in the sexacovalent configuration 3s3p73d?, 


a(3d) = 0-55, n = 3, whence 7,, = 5-45 a.u. 
a(3s, 3p) = 2-05, n = 3, whence r,, = 1-46 a.u. 


In neither case does it appear from this criterion that hybridisation between 3d and 4s 
or 4p functions, or 3d and 3s or 3, will be useful, the d-orbital being much the less diffuse 
in the former case, and much the more diffuse in the latter. It is necessary to suppose that 
molecule formation reduces these differences. Pauling’s criterion for bond strength 
requires that they vanish. As will be shown later, it is possible that they are exaggerated 
by the Slater rules but at least some further consideration of this problem is called for. 

Since bond strength is essentially a function of two centres, and not merely of one, the 
simple “‘ «-criterion ’’ is not adequate fora fullerstudy. A better one is the overlap integral 
for the atomic functions on these centres. 

The Overlap Integral as a Criterion of Bond Strength.—It is generally impracticable to 
calculate accurately the energy of formation of a bond between two centres, or even to 
attempt anything near to a formally correct procedure, so various approximate measures of 
bond strength have been devised. One of these, much used and discussed by Mulliken and 
his school (see, ¢.g., Mulliken, J. Phys. Chem., 1952, 56, 295), is the overlap integral. If 
two centres A and B have atomic wave functions ys, and yy available for bond formation, 
the overlap integral is /fpayydz, often called S. It gives some measure of the concentration 
of electronic charge between the nuclei, which is necessary for covalent bonding to occur- 
It is not, however, very close to the formal quantum-mechanical expression for the bind. 
ing energy of a system with a wave function, based on orbitals 4 and py. 

Furthermore, there is the much more fundamental difficulty that the correct function 
for the system requires the combination, not merely of two, but of an indefinite number of 
one-centre functions of which the selected ys, and x, can, at best, only be the most important. 
Nevertheless, because it is the simplest two-centre quantity of quantal significance, its value 
as a measure of bond strength has been carefully considered ; and attempts have been made 
to provide more or less empirical corrections for its obvious shortcomings. Each such 
attempt is open to specific criticisms when measured against the ideal of a complete and 
rigorous calculation of binding energy: equally each may have virtues in particular 
problems. 

Mulliken (loc. cit.) has proposed that for a bond between like centres the expression 
«I S/(1 + S), where « is an arbitrary constant depending on the type of bond and J is the 
ionisation potential of the atoms, should be a good measure of bond strength. This takes 
account of the variation from one atom to another of the field effective at the region between 
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centres where the electron space charge has built up. Mulliken has given an approxim- 
ate justification of this expression for roughly homocentric bonds. His assumptions are 
reasonable for such cases but break down rapidly as the difference between the centres 
increases. It therefore appears that Mulliken’s relation is not well suited to the quantit- 
ative discussion of d-orbital binding which often involves very disparate « values, and that 
the overlap integral itself is as good and much more convenient. 

Apart from the fundamental inadequacy already mentioned, which overlap treatments 
ordinarily contain, arising from the assumption that the simplest LCAO function (#4 + y.)/ 
(2 + 2S)! is adequate for the bonding electrons, there is the practical difficulty of choosing 
atomic orbitals #4 and yy. The Slater functions used in the present work, and also by Mulli- 
ken, are not very good approximations, though they should be reasonably adequate because 
chemical binding is determined mainly by the nature of the atomic functions at moderate 
distances from the nucleus, on the atomic scale, t.e., near the “ periphery ” of the atom 
If self-consistent-field (S.C.F.) functions were available for atoms and ions of all the types 
which we wish to consider, it would be better to use them; but they are lacking particularly 
for atoms with occupied d-orbitals in the outer shell, so Slater functions are used throughout. 
Finally, in any save the simplest problems the exact hybridisation ratio for the atomic 
orbitals is not known. 

From all this it is clear that the overlap integral is but a rough measure of the strength 
of the covalent part of a bond; and that the internuclear distance for maximum overlap 
is not necessarily that of the actual bond length: but it is, withal, the most satisfactory 
measure at all readily available. 

In the present investigation no attempt has been made to compare actual bond strengths 
with overlap integrals. What has been done is to explore the conditions which the radial 
part of the d-function must satisfy in order that there may be d-hybridisation with s and # 
functions in o-bonding, or that there may be x-bonding involving either a d,-orbital or a d,— 
?, hybrid orbital, and to consider how far these are satisfied in actual cases. 

The calculations of overlap integrals already available (Mulliken, Riecke, Orloff, and 
Orloff, J. Chem. Phys., 1949, 17, 1248; Mulliken, J. Amer. Chem. Soc., 1950, 72, 4493) 
have therefore been extended to cover the following cases : 


o-Type 3s-3p; 3p-3p; 3dy-3p. 
4s-3p ; 4p-3p (equi-exponent case only). 


Because of the interest of other types of bonding, the following were also calculated : 


n-Type 3d-3d; 3d-3p. 
8-Type 3d-3d, 1.e., 3dz,-3d,,, the z axis being the internuclear axis. 
o-Symbatic Type 3de-3da. 


The method of computation is described and the values obtained are tabulated in the 
next paper. After these integrals had been evaluated, certain of them were independently 
reported by Jaffé (J. Chem. Phys., 1953, 21, 258). Points arising from the comparison are 
dealt with in Part IT. 

Save as mentioned below, these integrals were evaluated as functions of the variables 
p = 4(a, + ap)o (where po is the internuclear distance in Bohr radii), and ¢ = («#,4— a,)/ 
(x, -+- ap), a measure of nuclear asymmetry. The exceptions are the 4s—-4p and 4f-4/, 
which were calculated for the eyui-exponent case only (¢ = 0), as functions of p. 


THEORETICAL CONCLUSIONS 


(1) «-Bonding.—We will first compare the overlap integral (S) values for tetrahedral sf? 
hybrid orbitals with those for some orbitals involving d-hybridisation. By taking the very 
simple case wherein the exponents for all the hybridising orbitals are equal, we can also 
compare S values with the bond strengths given by Pauling’s simple criterion, viz., that they 
are proportional to the products of the angular functions of the two orbitals along the bond 
direction. The calculations are for a 3p, orbital on one centre with (a) a 3s3* tetrahedral 
hybrid orbital, (b) a 3s333d? octahedral hybrid, (c) a 4s4p° tetrahedral hybrid, (d) a 
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3d24s4p° octahedral hybrid, and (e) a 3d4s4p? square hybrid, on the other centre, these being 
the combinations with which we shall be largely concerned. 

The results, expressed as functions of = ap (9 being the internuclear distance in Bohr 
radii) are shown graphically in Figs. 2A and B. 

It will be noted, from comparing curves (a) and (b), that overlap of the octahedral bonds 
at p values > 6 is about 10—20%, greater than that for the tetrahedral bonds, while for (c) and 
(d) the increase is about 10%. In both cases it is less than would be expected from Pauling’s 
criterion which gives the ratio octahedral : tetrahedral as 2-923 : 2-0 = 1-46. The respective 
maximum overlaps for octahedral and tetrahedral functions are about equal. The 
square hybrid overlaps, case (e), are almost identical with the octahedral ones, case (d), 
instead of being appreciably less (Pauling’s ratio for square: tetrahedral would be 
2-694 : 2-0 = 1-35). 

sp*d and sp*d? Hybridisation. The first specific compound to be considered will be 
phosphorus pentachloride. The trigonal biprismatic arrangement of bonds (Pauling, 
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A, Overlaps with (a) 3s3p* hybrid orbital, B, Overlaps of (c) 4s4p* hybrid orbital, 
(b) 3s3p*3d? hybrid orbital, with 3po- (d) 3d*4s4p3 hybrid orbital, (e) 3d4s4p? 
orbital, as functions of p. hybrid orbital, with 3pe-orbital, as 

functions of p. 


op. cit., p. 109) indicates sp*d hybridisation (cf. Kimball, J. Chem. Phys., 1940, 8, 188) of the 
. outer phosphorus orbitals. Use of Slater’s rules to calculate «(S) [= «()] for phosphorus 
and for chlorine gives 1:71 and 2-03 respectively; these give t = 0-086, so it is a satisfactory 
approximation to take ¢ = 0. 

The bond lengths (Pauling, loc. cit.) are about 4a) (a, being the Bohr radius), giving 
» = ca. 8. Now from Tables 1—3 (Part II) or from Fig. 3A in which the o-overlaps for 
3s-3p, 3p-3p, and 3,-3d, * are compared, it can be seen that, with ¢ = 0, the 3f,-3d,s 
overlap is smaller than the other two at small # values; but, as f increases, the three values, 
all falling, converge and at p 8—10 are not significantly different. As ¢ for the 3,-3d. 
overlap becomes positive [7.¢e., as «P(d) becomes less than «Cl(p)] the overlap remains 
large for values of p from 6 to 10 (see Fig. 3B); but it always falls rapidly as # falls below 
6. As ¢ becomes negative [?.e., as «P(d) becomes greater than «Cl(p)] the overlap falls off 
quite rapidly in the range = 5—10. Nowif/?’ isthe particular value of ¢ for the phosphorus 
d-orbital relative to the chlorine f-orbital, then #’, the parameter for this overlap, is equal to 
p,/(1 + t’), where pp is the value appropriate to the equi-exponent overlap for s—p and p-4, 
the exponent for Cl(f) and the value of o(P-Cl) both being kept constant. If ¢’ becomes 
more than 0-33, ~’ is so small (f’ < 6) that the 3f,-3d, overlap (see Fig. 38) is insignificant 
compared with the s-p and -# overlaps. Since this consideration therefore limits the 

* The change in order between the first two of these pairs and the third, although it is the central 


atom which may use s-, p-, or d-orbitals, while the peripheral one uses only a p-orbital, is in conformity 
with the convention proposed by Mulliken (J. Amer. Chem. Soc., 1950, 72, 4493). 
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ratio «Cl(p) : «P(d) to be < 2, and since we have taken «P(s, ) = «Cl(p) we conclude that 
aP(s, p)/aP(d) < 2 if spd hybridisation is to be effective. The value for «P(d) from Slater’s 
rules is, however, only 0-33, giving a ratio aP(s, p): «P(d) = 1-71: 0-33 = 5-15 which is much 
greater than the permissible limit. 

We shal] find other examples of this anomaly, but before considering these, or their 
explanation, it is convenient to consider what other information about the bonding in 
phosphorus pentachloride can be obtained. Accepting the trigonal structure, we may 
distinguish two types of phosphorus hybrid orbitals, the two axial and the three radial 
orbitals. The expressions for these would be : 


ax, = (cos x//2) PP(s) + PP(p.)/V/2 + (sinz/V/2)pP(d), etc. 
roa. = (sin x/V3) PP(s) + PP(p2) V2/3 — (cos x/-V'3)bP(dz), etc. 


where x is a convenient mixing parameter. 
The overlaps for the axial and the radial bonds to chlorine may then be calculated as 
functions of p and of cos* x, on the assumption, first, that ¢ = 0 for phosphorus s-, p-, and 
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A, Overlaps for (a) 3s-3po, (b) 3p0-3ho, B, Overlaps for 3p,-3dz as functions of 
(c) 3p,-3dzt, as. functions of p, with p, for t = (a) —0-5, (b) —0-2, (c) 0, (a) 
i=0 +02, (e) +0°5. 


d-orbitals relative to chlorine #-orbitals, then that ¢ = 0-2 for P(d) relative to Cl(f) [7.e., 
aP(d) < aCl(p)], with ¢ remaining zero for the P(s) and the P(/) orbitals relative to Cl(). 

These results (Figs. 44d—B) indicate that even a small degree of s character markedly 
increases overlap in either type of bond, and hence that the s-orbital contributes to both, 
whence it follows that the d,-orbital must do so too. In this connection it may be noted 
that the overlap of a Cl(p,) function with the P(d,) function along the axia] direction is 
exactly twice that along a radial direction (the o-symbatic overlap) and is opposite in sign. 

For ¢ = 0 the best total overlap for the five bonds proves to be for cos® % near to 0-25, 
corresponding to 0-75 of the s-orbital’s being shared between the three radial bonds. For 
i = 0-2, it is closer tocos? ¥ = 0-5. A simple interpretation of this is that the contribution 
of the d-orbital to the overlap has decreased so much that it is determined almost entirely 
by the s- and p-orbitals. This re-emphasises the previous conclusion. Furthermore, when 
¢ = 0, the maximum overlap for the axial bonds comes near # = 6-0, whereas for the radial 
bonds it is at # = 5-5, and the maximum overlaps for both bonds are nearly equal.* On 
the assumption that there is a parallel between overlap and bonding energy these results 
indicate that the axial bonds would be somewhat longer than the radial ones, but that all 
would be of approximately equal strength. The former result agrees with observation 
(1(P-Cl) axial = 2-11 A; 1(P-Cl) radia] = 2-04 A] (Pauling, /oc. cit.). 

The strengths of the two types of bond cannot be obtained in any such direct way. The 


* Duffey (J. Chem. Phys., 1949, 17, 196) finds that for spd? hybridisation the equatorial bonds are 
weaker than the axial ones. 
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most that can be obtained is a mean value for the bonds in phosphorus pentachloride, and 
that only if allowance is made for promotion to the quinquevalent state (cf. Gillespie, 
loc. cit.). Even if a similar allowance be made in calculating the heats of formation of the 
bonds in phosphorus trichloride, these are not strictly comparable with the three radial 
ones in the pentachloride. 

The next specific compound for consideration is sulphur hexafluoride. For sulphur 
(3s3p%3d?) Slater’s rules give a(s) = «(p) = 2-05 and «(d) = 0-55, while for fluorine 
(25265) they give «(s) = «(p) = 2-60. For the S(s, #)-F(p) overlaps ¢ is therefore ca. 0, 
but for the S(d)-F(p) overlap it is 6-51. As we have previously seen, so large a ¢ value makes 
the 3d,-3 overlap insignificant, and the same can be taken as true for the 3d,.-2f overlap. 
Again, therefore, it is not obvious that d-hybridisation can occur. 

The general position can be briefly summarised. If we could show rigorously that d- 


Fic. 4 


0 


A, Overlaps for axial and for radial hybrid orbitals in phosphorus pentachloride as functions 
of p, with t = 0 and cos? x = (a) 0, (b) 0-25, (c) 0-5, (d) 0-75, (e) 1-0. The amount of s 
character in axial bonds increases with cos* x, but in radial bonds it decreases. 


B, As A, but with t = 0-2. 


hybridisation would cause stabilisation of the whole system, t.e., would lead to an exothermic 
increase of the number of covalencies, or would strengthen existing valencies, then we should 
have to admit its occurrence. In fact, we cannot do this. All we can do is to show that, 
e.g., according to the overlap criterion, the new bonds might possibly be formed, or the old 
ones strengthened. We therefore apply other criteria to judge the validity of the d- 
hybridisation hypothesis, e.g., the test of compatibility of the atomic s-, #-, and d-orbitals 
which we have just considered, and that of power to explain stereochemical facts. If, as 
now happens, we find that these criteria disagree, we have to seek a reasonable explanation 
of the anomaly. 

One way round the difficulty is to suppose that d-orbital hybridisation does not occur 
at all. Pauling (0. cit., p. 93) has suggested that in phosphorus pentafluoride at least one 
electron is ionised off the phosphorus atom, and is shared among the fluorine atoms, the other 
electrons providing at most four bonds resonating among the five positions. A similar 
explanation is possible for sulphur hexafluoride but, as Pauling realised, this suggestion 1s 
less convincing for phosphorus pentachloride and pentabromide where the ligands are much 
less electronegative. Furthermore, it does not, in its simple form, account for the stereo- 
chemical characteristics which were noted in the Introduction. 
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The next possibility is that Slater’s rules are inadequate for dealing with the 
valence states of atoms. Where comparisons are possible with S.C.F. functions for atoms 
containing occupied d-orbitals in the ground state, the Slater functions prove to be too 
diffuse ; but this is usually true also for the s and # functions. Also, the ionisation poten- 
tials of d-orbitals in the excited spectroscopic states of the sulphur atom are very low 
(‘‘ Atomic Energy Levels,’ Nat. Bur. Standards, Washington, 1949) and agree with a 
small exponent. Therefore, it seems probable that the disparity in exponents, while 
somewhat exaggerated, is essentially correct, at least for the free atoms. 

Two other explanations, neither of which is entirely satisfactory, may be offered. 
First, we might carry to an extreme the emphasis on hybridisation by not using ionic 
character for interpreting polar character. We might suppose that in compounds such as 
those under discussion, the effect of the perturbation by the peripheral atoms is to equalise 
the exponents of s-, #-, and d-type orbitals by preferential polarisation of 3s- and 3- 
orbitals. This could be by partial promotion from 3s- and 3/- to 4s- and 4-orbitals, 
though such promotion, by reducing the screening of the 3d-orbitals, would at the same 
time cause these to contract. This is in direct contrast to the view put forward by Pauling, 
wherein the perturbation is considered to cause major polarisation of the electrons in what 
are normally the most polarisable orbitals, just as would a simple field acting on an isolated 
atom. Unfortunately, there is at present no theoretical basis for the former suggestion. It 
would, of course, become unsatisfactory if the ligands were sufficiently electronegative. 

The last explanation is in some respects a compromise, for it admits the possibility of 
partial ionisation of electrons from the 3d-orbitals of the central atom to the ligand orbitals. 
[his would create a positive charge on the former which, if it caused preferential contraction 
of the more polarisable 3d-ort ‘als, could make these compatible with the 3s- and the 3- 
orbitals with which they coula then hybridise effectively. The hybrid orbitals are then 
used by the electrons in the former 3s- and 3-orbitals, and by the “ part electron ’”’ (or 
electrons) in the former 3d-orbitals, for forming covalent bonds with the ligands. This is 
another way of describing the bonds as all part-ionic; but it retains more emphasis on 
hybridisation than does Pauling’s statement. 

We may emphasise that, although the d-electrons of the central atoms may be only 
partly ionised, in the Sense that the total wave functions would not include large contribu- 
tions from functions corresponding to one or two electrons less moving in the field of the 
central atom and one or two more moving in the fields of the peripheral atoms, they may 
contribute to the polar character of the bonds as if they were largely ionised, because the 
region of overlap of the central d-orbitals and the peripheral #-orbitals will be nearer the 
peripheral atom than the central atom; so the electron centrofd will be nearer the latter 
even for a purely “covalent” type of bonding function. The relation between tonic 
character in the above sense and polar character is simple only if the electrons are assumed 
to be in compact orbitals on either atom so that overlaps are small or symmetrical. 
This is an arbitrary assumption, so the description in such terms is also arbitrary. Often 
it may be a good approximation : but in cases such as are considered above it may be a bad 
one and a view such as the one now expressed may be more useful. How far ionisation 
could proceed before the steric properties of the original electron configuration were 
altered is not at present known: nor is it always clear what the configuration for purely 
ionic bonding would be. It is a fact that all the phosphorus pentahalides so far examined 
in the gas phase, viz., PF,, PCl;, PF,Cl,, have the same trigonal bipyramidal configuration, 
despite the difference of electronegativity of the ligands. Either of the last two explana- 
tions would show why only peripheral atoms of high electronegativity can excite spd 
hybridisation of the type considered. We could say that the electronegative ligands are 
able to confer “ conditional stability” upon the spd hybrid orbitals. Gillespie (/oc. cit.) 
has advanced a similar view. 

It will be realised that, lacking a convincing proof that either of the last two explana- 
tions is correct, we cannot show beyond doubt that the overlap method is relevant to the 
problem of stereochemistry. 

These considerations are relevant to a suggestion made by Mulliken (J. Amer. Chem. 
Soc., 1950, 72, 4493) that the markedly greater strength of bonds between atoms of the 
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elements in the second short period (e.g., P~P, S-S, Cl-Cl) compared with the corresponding 
ones in the first is due to d-hybridisation. From Fig. 2 it appears that this effect could not 
be very large; and in such cases there is no obvious polarisation process to bring about the 
matching of the d- to the s- and the f-orbitals; so it remains doubtful whether the auto- 
generation of d-hybridisation would be very marked in such cases. A small degree of d- 
hybridisation causes a proportionately greater improvement in overlap than does further 
d-hybridisation (Mulliken, J. Phys. Chem., 1952, 56, 295) though from Fig. 2 it appears 
that the maximum degree available is not very large. 

The great strength of Si-F bonds might also arise, in part, through tetrahedral d- 
hybridisation in the o-bonds which could be generated by the polarisation due to the fluorine 
atoms. Fig. 2 suggests, however, that this would not greatly increase bond strengths. 
Another suggested cause is the superimposition of d,—p,-bonding which is discussed later. 

d*sp* Hybridisation. In the transition-metal complexes to be considered, the bonding 
orbitals on the central atom are 3d, 4s, and 4p. Overlap integrals for 4s-4p and 4-3) 
bonds have been calculated only for ¢ = 0; but these permit discussion of at least the 
simplest cases of d?sp* hybridisation. 

As stated on p. 335, Slater’s rules, applied to the transition metals, give larger exponents 
for the penultimate d- than for the ultimate s- and p-orbitals, e.g., aNi(3d) = 2-4, aNi(4s = 
4p) = 1-0; aFe(3d) = 2-2, «Fe(4s = 46) = 0-68; but it is clear from comparison with 
self-consistent field functions (Manning and Goldberg, Phys. Review, 1938, 53, 662) that 
in these cases the rules greatly exaggerate the ratio, which should be more like 7: 6; so if 
the ¢ value for the overlap of the 4s- or the 4f-functions with those of the peripheral atoms 
were zero, that for the corresponding 3d overlap would be +0-1. The discrepancy between 
the results from Slater’s rules and from S.C.F. treatments arises because the former assign 
the 3d-orbitals to an earlier group than the 4s- or 4f-orbitals and so attribute much greater 
screening power to the electrons in the former than in the latter. This is justified for the 
later (B sub-group) elements in this long period, for in these the d-electrons are genuine 
inner-shell electrons; but for the elements up to copper the spatial distribution of the d- 
electrons is not very different from that of the 4s- or 4-electrons, and their screening power 
is therefore almost as small, so the Slater rule classification is not appropriate. 

It is a sufficiently good approximation to consider that the exponents for the 3d-, 4s-, and 
4p-orbitals of the central atom are equal, and that, relative to the ligand atom orbitals, 
tisQ foreach ofthem. The results presented in Fig. 2 then apply, and, as we have seen, the 
overlap indicates that the octahedral 3d*4s4p3-bond will be somewhat stronger than, or at 
least as strong as, the tetrahedral 454)%-bond. 

The overlaps at # values (8-5 ++ 1-0) corresponding to observed bond lengths have values 
between 0-25 and 0-50 and so are similar to those found by Mulliken (Joc. cit.) in other cases. 
These # values are somewhat greater than that at which the overlap is a maximum (fp = 
6-5). This may be due to internuclear and interelectronic repulsion which are neglected in 
the overlap criterion. 

It follows that 3d24s44% hybridisation requires no great promotion energy, so that highly 
electronegative ligands are not required to bring itabout. Such ligands might indeed favour 
4s4p%4d? hybridisation, for this process, involving promotion to higher orbitals, would 
cause the electron cloud charge to move nearer to them: do-—do-Bonding between penulti- 
mate d-orbitals might occur between the iron atoms in iron enneacarbony] (cf. Pauling, 
op. cit., p. 254). The overlap therein has not been evaluated; but the iron-iron distance, 
which corresponds (if « = 2-2 for the iron d-orbitals) to = 10-25, is probably too large for 
the bond to be very strong. 

(2) x-Bonding.—nx-Bonding involving d-orbitals can arise in several distinct ways. Two 
such—one involving a penultimate and the other an ultimate d,-orbital of a central atom, 
bonding with an ultimate #,- orbital of the ligand—correspond to the two cases distinguished 
in o-bonding. The first type may occur, e.g., in the ferricyanide ion and in metal carbonyls 
or nitrosyls, where the 3d,- orbitals of the iron atom may bond with the 2f,-orbitals of the 
carbon or nitrogen. The second may occur, ¢.g., in thiophen, between the sulphur atom 
and the neighbouring carbon atoms, or in sulphoxides, sulphones, phosphine oxides, and 
similar compounds. 4d,-d,-Bonding is also possible in principle, with both d-orbitals from 
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ultimate or penultimate orbitals, or with one from each. The last has been suggested in 
the phosphine and arsine complexes of the transition metals (see Chatt, J., 1952, 4300, and 
Nyholm, /., 1951, 3245, for references). These cases will be considered seriatim. It may, 
however, first be remarked that the validity of Hund’s rule in the transition-metal complexes 
of the iron group, in the decisive cases of low symmetry, indicates that the degeneracy of the 
d-orbitals is not seriously disturbed by molecule formation; and this means that roughly 
the same exponent holds for all of them independently of their use in bonding, e.g., whether 
they hold different kinds of ligand or whether they are used for o- or for x-bonding. On 
the other hand, outer d-orbitals are less well screened from ligands, so their degeneracy is 
more likely to be removed; and the exponents for d,- and d,-bonds may then be different. 

It is often convenient to consider double-bonding in complexes as arising from a 
dative o-bond in one direction plus a dative z-bond in the opposite direction. This is an 
arbitrary description; but it sometimes helps in the “ electron accounting.” 

d,—p,-Bonding by penultimate d,-orbitals. For practical reasons it proved necessary 
to restrict the calculations to third-quantum-shell orbitals. Values for the 3d,-—2), over- 
laps are therefore not available; but from our calculations of 3s and 4s overlap integrals, 
and from Mulliken’s tables (Mulliken, Riecke, Orloff, and Orloff, J. Chem. Phys., 1949, 17, 
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A, Overlaps for 3p2—-3d_ as functions of p B, Overlaps for 3p,-3d_, as functions of 
witht = (a) —0-5, (6) —0-2, (c) 0, (d) t, with p = (a) 4, (b) 6, (c) 8. 
+0-2, (e) +0-5. 


1248) it follows that conclusions drawn from the 3d,-3), integrals will be qualitatively 
correct, so these will suffice for our purposes. 

From Slater’s rules, the exponents for the transition-metal d-orbitals are about 2-0 
(see p. 335) while that for the carbon 24-orbitals is 1-6. . Although these may be affected by 
the negative charges on both central] atom and carbon in the cyanide complexes, it is 
probable that the exponent will be larger for the former than for the latter but that ¢ for 
3,34, overlap * will not be much less than —0-2, whence the overlap value will be 0-1 —0-2 
for typical bond lengths (Fig. 5A). Thus it is smaller than the x-overlap values in 
homonuclear bonds (e.g., C—C, 0:-2—0-3) but is comparable with those in such bonds as 
C=O (0-14) or S=O (0-17). 

It has been shown (Kimball, 1bid., 1940, 8, 188) that in planar complexes two, and in 
octahedral ones three, d,-orbitals are available for n-bonding. These are orthogonal. 
Hence, if, in a planar complex MX,Yg, Y is able to accept a x-bond from M but X is not, 
both Y groups could be doubly bound to M in the cis-isomer, whereas in the tvans-isomer 
only one Y group could be so double-bonded, although the available orbital could 
resonate between the two positions; hence the cis-compound should be the more stable. 
The relation of this conclusion to experimental facts is discussed later. 

A d,-orbital and a #,-orbital can hybridise just as can a #,-orbital and an s-orbital, 
giving strong orbitals directed oppositely (cf. Fig. 6). 

Overlap values for an orbital cos x. ¥(3p,) + sin x. #(3d,) with a 3f,-orbital, are shown 
below (Figs. 7A and B). In Fig. 7A ¢ it assumed to be zero for both overlaps. In Fig. 7B 
it is zero for the 3p,-3p, and is taken as 0-3 for the 3d,-3p, overlaps. 

From this it appears that overlap is appreciably increased by addition of # character to 


* Note change of order of orbitals, in accordance with Mulliken’s convention, p. 337. 
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d, or vice-versa; but that for p values of 5—9 the latter effect is the larger. It is comparable 
with that from sp—s-hybridisation. 

Such hybridisation would become effective if, ina molecule with ligands capable of double- 
bonding, the central atom has a d,-orbital and a p,-orbital of similar exponent, and has 
four, two, or no electrons therein according as it is necessary to form dative bonds, normal 
covalent bonds, or acceptor bonds to the ligands. 


Tic. 6. Hybridisation of s with po-, 


and of pa- with dz-orbitals. 
4+ 
with 


Pa 


If in a planar complex there are four electrons paired in two d,-orbitals, donor x-bonds 
can be formed to suitable ligands, as already explained; and it is possible that these may 
both be strengthened by d,-/, hybridisation, involving the unoccupied metal #,-orbital, 
in which only a small amount of #, character is added to the d,-orbitals. This will leave 
their directions of greatest overlap still nearly at right angles while appreciably increasing 
the overlap power of each, just as does partial s hybridisation with two p-orbitals. 


Fie. 7. 
+7-0 T +1-0 


A, Overlaps of 3p,34, hybrid orbitals with B, As A, but with t = 0-3 for the 3d_-3pz2 


a 3pzy-orbital, as functions of p, for overlap and witht 
t = 0 and cos? x = (a) 0, (b) 0-25, (c) overlap 

0-5, (d) 0-75, (e) 1-0. d-Character in- 

creases as COS x decreases. 


0 for the 3pa-3pe 


x-Bonding in square complexes, as so far considered, arises from the utilisation of the 
d,, and d,, orbitals, the axis perpendicular to the plane of the square being taken as the z 
axis. The d,s_y:-orbital, with its lobes in this plane and directed to the four ligands, hybrid- 
ises with the s- and the f-orbitals to give schedo-s-orbitals by which the o-bond frame- 
work is formed. The d,s-orbital does not come into play ; but there is still the d,,-orbital 
to consider. This has its lobes in the plane but rotated at 45° to those of the dy_,: 
function ; so it can form a x-bond with a ligand having a suitable z-orbital, e.g., CN~ or CO; 
but with other ligands, e.g., pyridine, only one z-orbital, say, the d,, or d,,, according to the 
orientation of the ring plane to the square plane, can be used at any one time. Ligands 
such as dipyridyl, o-phenanthroline, and dioximes which have their ring plane locked to 
that of the square, could not use this d,,-z-bonding. Only one such bond can be drawn : 
so if there were several suitable ligands it could be considered to ‘‘ resonate ’’ between them. 
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p,d,-Bonding by ultimate d,-orbitals. The overlap integrals #,-d, when the d-orbital 
is in the outermost quantum shell are especially interesting. The d, exponent is then likely 
to be considerably less than the #, exponent, so ¢ will be >0. Now from the tabulated 
overlap values or from Fig. 5B it can be seen that for a given # value they reach a maximum, 
not near ¢ = 0, but at ¢ = 0-2 for p = 4, at ¢ = 0-27 for p = 6, and at ¢ = 0-4 for p = 8, 
corresponding respectively to the ratio of exponents for ~,- and d,-orbitals being 3: 2, 
7:4, and 7:3; and decrease of overlap with further increase of ¢ is quite slow. In fact, 
when the d-orbital is considerably more diffuse then the f-orbital the overlap is better than 
when they are commensurate : but conditions are not critical. 

The reason for this may be stated very simply. In o-bonds, and in z-bonds involving 
two ~,-orbitals, the overlap occurs in the region between the nuclei, and hence is largest 
if the exponents are approximately equal (¢ = 0). The overlap between a d,- and a #,- 
orbital tends, however, to be a maximum when the lobes of the former are nearly above and 
below the second atom, 1.e., if the d, is more diffuse than the p,-orbital. This may be 
appreciated from the diagram of the angular functions. The asymmetric overlap would 
make a purely covalent bond of this type highly polar (see Fig. 8). 

The actual magnitudes of such overlaps may be considerable, e.g., in the C-S bond 
(length 1-74 A) if the ratio of exponents for S(d,) and C(p,) is 1 : 2, p is 4—5; and the over- 
lap is ca. 0-4. This is much larger than normal overlap values and, although it does not 
necessarily signify very great bond strength, since the low electronegativity of carbon and 
of sulphur means that the electron cloud develops in a region where the nuclear fields are 


3pa-3d_ Overlap. 3d,—-3d_, Overlap. 3d22-3dz* Overlap. 


not very large, it emphasises that in such bonding the d, exponent need not be increased 
to match the #, one at all closely. 

This means that such d,—p,-bonding is likely to be both common and important. In 
compounds such as thiophen, it may occur between sulphur and carbon despite the low 
electronegativity of carbon and the absence of a positive charge on the sulphur. 

When, however, sulphur is attached to a highly electronegative element with very 
compact #,-orbitals, such as oxygen in >S-O, the overlap would be diminished; but the 
polar character of the o-bond gives some positive charge to the sulphur, estimated by Koch 
and Moffitt (Trans. Faraday Soc., 1951, 47, 7) tc be half an electron charge in the sulphones, 
and may, by increasing the d, exponent, make the d,- and the #,-orbitals more commensur- 
ate and so may improve the overlap. Conditional stability is thus again conferred, this 
time on a x-bond, by a polar ligand. 

Conditional stability may also be important in relation to the formation of x-bonds 
between highly electronegative peripheral atoms and central atoms with available ultimate 
d,-orbitals, as has been suggested to occur, in, ¢.g., silica and silicon tetrafluoride (Pauling, 
op. cit., Chap. VII). To say that the z-orbitals on the two atoms are incompatible is another 
way of saying, in this context, that a highly electronegative atom is unlikely to form a 
dative link. If the o-link is highly polar this incompatibility may be removed. 

It may be noted that there is a formal difference between the silicon tetrafluoride case 
and the sulphoxide case, in that we regard the Si-F link as a dative z-bond from F to Si 
superimposed upon a covalent, though highly polar, s-bond; and we can regard the S-O 
link as a dative z-bond from O to S superimposed on a dative o-bond from S toO. Hence 
for complete neutralisation of charges we arrive at a double bond in the case of S—O, but 
at something which approximates to a single x-bond in the case of Si-F. 

d,—d,-Bonding.—d,-d,-Bonding wherein both the d-orbitals are from either penulti- 
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mate or ultimate quantum shells of the two atoms is of somewhat uncertain occurrence. It 
might occur in a bond between elements of the second short period for, if an electron in 
each atom were promoted from a 3- to a 3d-orbital, two x-bonds could be. formed, a 
3p,-3p,- and a 3d,-3d,-bond. Unless the 3d exponent were somehow increased, the 
overlap would probably be small; it might, if f were very small, be numerically large but 
it would then be so diffuse as to be of negligible importance for bonding (cf. Fig. 9). The 
only source of energy for the promotion of the two electrons and the matching of the ex- 
ponents could be the formation of the new x-bonds; and this, we think, would not be 
adequate. 

d,—d,-Bonding wherein one orbital is from a penultimate shell and the other from an 
ultimate one has been recently suggested by Chatt (see /., 1952, 1430, for references) 
and by Nyholm (see /., 1951, 3245) as existing in certain transition-metal complexes. 
Typical of these are the alkylphosphine, alkylarsine, and phosphorus trifluoride complexes. 
The o-bond may be considered to be the commonly ascribed dative link from ligand to 
metal. The x-bond is then a dative link from metal to ligand, involving a penultimate 
d,-orbital of the former and an ultimate one of the latter. 

If we suppose that the dative o-bond is first formed, then this confers a positive charge 
on the ligand and a negative one on the metal. These respectively increase and decrease the 
exponents for the ultimate d,- and penultimate d,-orbitals on the two atoms. Con- 
sequently these two orbitals become more nearly matched, and overlap between them is 
improved. If a dative x-bond from metal to ligand is now formed, the charges will be 
partly neutralised. The completeness of the second charge transfer, and hence of form- 
ation of the second bond, is therefore limited : but the intial formation of the o-dative bond 
was itself inhibited by the development of the charges. Therefore the formation of either 
bond favours the development of the other. The alternative picture of the whole process, 
viz., that there is initial electron promotion to give two unpaired electrons on each atom, 
and then normal double-bond formation, is equally valid; and this shows that the final 
charge asymmetry will depend upon the electronegativities of the two centres. 

Such double bonding is likely to arise only in transition-metal complexes, for only such 
elements have d,-orbitals with sufficiently small exponents: it is impossible unless the 
ligand is from the second short period or a later one. 

If we can assume that the two exponents are roughly equal, the overlap values should 
be 0:-2—0-3 and so are considerable. Evenif¢ = 0-4, 7.e., if the exponent ratio is 2-3 : 1, the 
overlap is still about 0-15; so good bonding could arise without exact matching of exponents. 

The conclusion that two x-bonds using d,-orbitals can be formed only at right angles— 
or, very nearly at right angles, if these are hybridised with a f,-orbital—might mean 
that, of isomeric cis- and trans-complexes wherein only two of the four ligands can form 
d,-d,-bonds, the cis-compound is the more stable. 

(3) d»-d.»-Bonding and 8-Bonding.—The overlap values for d»—d,-bonding are 0-13 at 
p = 6, and 0-07 at = 8 (Table 6, Part II). They suggest, therefore, that such bonding 
cannot be entirely neglected, although it seems less important than either ordinary o- 
bonding or x-bonding by d-orbitals or hybrids thereof. The overlap integrals are small 
because the negative lobe of one function tends to overlap with the positive lobe of the 
other (see Fig. 10). 

The overlaps for ds-bonding are still smaller, being < 0-1 for # > 6. Overlap is poor 
because the dependence of #,, on sin? 6 (6 being the angle between the radius vector and the 
plane of the orbital), instead of on sin @ as in a #,-orbital, concentrates the orbital function 
in the plane and so reduces overlap with another parallel function save at very small # values. 

This type of bond therefore seems unlikely to be important between atoms. It appears 
to occur, however, between an atom and a radical in the metal cyclopentadienyls. A 
description of their structure in terms of molecular orbitals has already been given (Dunitz 
and Orgel, Nature, 1953, 171,121; Jaffé, J]. Chem. Phys., 1953, 21, 156). In order to make 
clear the connection, this description is partly translated in an Appendix (p. 352) into the 
valency-bond language used in the present paper. 

The main conclusions from this discussion are the following : 

(1) If all the orbital exponents are equal, then (a) a o-bond formed by a 3s3p°3d? 
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octahedral hybrid orbital with a 3f,-orbital is about 10—20% stronger than one between 
a 3s3* tetrahedral hybrid orbital and a 3f, one; (b) a o-bond formed by a 3d*4s4p3 
octahedral hybrid orbital with a 3, one is about 10% stronger than a bond between a 
4s4p° tetrahedral hybrid orbital and a 3A, one, and has almost exactly the same strengih as 
a bond between a 3d4s4p* square hybrid orbital and a 3p, one. 

(2) d-Hybridisation with s- and -orbitals to form o-hybrid orbitals will be ineffective if 
the ratio of the exponent of the d-orbital to that of the s- and the f-orbitals is less than 0-5. 

(3) This condition is not satisfied by d-orbitals in the same main group as the s- and the 
p-orbitals in a free atom; so, if d-hybridisation is to be effective, the perturbation by the 
other atoms in the molecule must make the exponents match. Polar perturbation, by 
highly electro-negative ligands, could probably confer such conditional stability. In- 
creasing the number of bonds may also do it, although the more d-orbitals that have to be 
matched the more is the promotion energy required. 

(4) In phosphorus pentachloride, the bonds are all of nearly the same strength; and 
the axia] may be somewhat (ca. 10%) longer than the radial bonds (the reported difference 
is in this sense but is only 3%). 

(5) Hybridisation between penultimate d-orbitals and ultimate s- and #-orbitals is 
permitted by the probable exponent values. Highly electronegative ligands are not 
necessary. 

(6) Penultimate d-orbitals on a central atom may form moderately strong x-bonds with 
free n-orbitals on ligands. 

(7) In square bond arrangements, two d@, bonds can be formed at right angles and, with 
little increase of this angle, they could be notably strengthened if the central atom has a 
vacant ~,-orbital with which they can hybridise. 

(8) =-Bonding, by one d-orbital, can also arise in the plane of the square bonds if suit- 
able ligands are present. 

(9) An ultimate d-orbita] can form a strong x-bond with a #,-orbital on another centre 
even when it is considerably more diffuse than the latter. Polar character in the o-bond 
could improve the overlap between very disparate orbitals if it tended to equalise the 
exponenis. Such conditionally stable bonds are likely to be common and important. 

(10) =-Bonding between two d,-orbitals is possible, but is unlikely to be important 
unless at least one of them is a penultimate orbital. 

(11) d,—d,-Bonding is possible but not probable. 

(12) 8-Bonding, between two atomic d,,-orbitals, is unlikely to be of importance. 


CORRELATION OF FACT AND THEORY 


So far, in this paper, the correlation of fact and theory has hardly been taken beyond 
the point of referring briefly to facts to indicate that there is, or may be, a phenomenon 
requiring theoretical investigation. There is little need to do more about those topics 
which have already been discussed extensively in the literature, but for the others a fuller 
critical appraisal is necessary. It will be convenient to follow the same order of headings 
as in the previous main section. 

d-Orbitals in o-Bonding.—The overlap treatment has shown that the conditions 
necessary for effectiveness of d-hybridisation in o-bonds are quite different according to 
whether the d-orbitals are in the same main group as the s- and the #-orbitals or in the 
previous one. If they are in the same group, the ligands should be electronegative enough 
to perturb the central atom considerably ; but, if not, this is neither necessary nor desirable. 
Another conclusion is that for strongest overlap the central atom and the ligand orbitals 
should be of about the same “size”: because for s—,-overlap S is a maximum for small 
positive values of ¢, which means that the s-orbital has the larger « value; for p,-d, 
overlap S is again a maximum (see Fig. 3B) for small positive ¢ values, but this means that 
the #,orbital has the larger « value; while, for £,-p, overlap, S is a maximum when ¢ = 0. 
For maximum overlap of a hybrid of s, #,, and d,s on one centre with ~, on another it is 
therefore necessary that the « values should all be more or less equal : near ¢ = 0 the varia- 
tion with ¢ is probably slow. Finally, because large overlap denotes effective bonding 
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only if it is fairly compact and is in a region where the combined field of the two nuclei is 
strong, it is necessary for good binding that the internuclear distance (¢) is not too large 
and the sum of the « values for the two atoms is not too small [hence that p/(«, + «p) is 
not large}. 

With these conclusions and with previously accepted principles in mind, it is possible to 
explain the occurrence of actual molecules in the 6-co-ordinated series (ML)? (where x is 
an integral positive or negative charge of from 0 to 6 electron units), when M either has no 
penultimate d-orbitals or has only full ones. It appears, however, that there are several 
factors to consider; so the argument is complicated and somewhat speculative. 

In the isoelectronic series, with M an element of the second short period, there is a ten- 
dency, as the atomic number increases, for the common complexes to change successively 
from being cationic or rarely neutral (M = Na or Mg); to cationic, neutral, or anionic 
(Al) ; to cationic but of lower charge only, or to anionic (Si); to anionic only (P); to neutral 
only (S); and then to being non-existent (Cl). Such complexes are formed only with the 
most electronegative member in each of the common ligand series, ¢.g., with ammonia 
or amines, water or ethers, or fluoride ion, or with other ligands containing nitrogen or 
oxygen as the co-ordinating atoms. [PCl,]~ is known but only in an unusual case (solid 
PCl;). The heavier elements of the B-sub-groups tend, however, to form similar 6-co- 
ordinated anions with Cl-, Br~, and even I-, rather than with F-. 

The characteristics of the complexes of sodium, magnesium, and aluminium may be 
understood by considering these, as is now usual, to be essentially electrostatic, t.e., to be 
ion—ion or ion—dipole aggregates the stability of which, once the necessary ions have been 
generated, is determined by the attractions between central ion and ligands, and by the 
ligand-ligand repulsions (including, on occasion, the effects of ionic radius, 7.e., of the 
approach limit set by exchange forces). Polarisation of ligand by central ion increases in 
the order given but probably is still a minor feature in the aluminium complexes. Thus, 
if polarisation were sufficient to cause a transference of half an electronic charge from each 
ligand the charge on the central ion would be neutralised; and we might then consider that 
if covalent bonds were formed the centra] atom would use six orbitals with « values which 
would be calculated from Slater’s rules on the supposition that there are four half-electrons 
in the 3s- and the 3-orbitals and two such in the 3d. This gives « = 1-3 for these 3s- 
and 34-orbitals, and 0-33 for the 3d; while for, e.g., F* the « value for the 2s- and the 2p- 
orbitals is 2-5. Both because of the difference between the values for the aluminium 
s-, p-, and d-orbitals, and because of the disparity between these and the values for the 
ligand orbitals (¢ for s and pis — 0-33, for d it is + 0-8), it is clear that overlap would be very 
poor. The classical concept of polarisation would have to be describable in terms of a 
transition towards covalency, and it appears therefore that so great a degree of polarisation 
is unlikely. 

For the complexes of phosphorus, sulphur, and chlorine, wherein the charge on the 
initial central ion is greater, such polarisation becomes a major feature; and it is interme- 
diate in silicon complexes. It would produce a large positive-charge transference to the 
ligands; so initially neutral ligands would repel each other strongly, and initially negative 
ones are therefore favoured. The aggregation is now better considered as due to overlap 
bonding between radical ligands and a sexavalent central atom with a negative charge of 
(6 — n) (n is the group valency), the polarisation of this central atom by the ligands 
decreasing as its atomic number increases (cf. Fyfe’s views, J. Chem. Phys., 1952, 20, 
1039). 

Returning to the electrostatic picture, we see that the ionic or dipolar ligands which are 
co-ordinated must not be very polarisable, i.c., they must be electronegative, for otherwise 
the charge on the central atom would be largely neutralised if they approached closely, 
which as we have seen would cause instability; or, if they did not approach closely, the 
electrostatic bonding would be weak, and the overlap would be ineffective. Even if 
the central atom has a positive charge large enough to absorb a fair degree of negative- 
charge transfer without its becoming neutral, then such polarisable ligands, if initially 
neutral, acquire considerable positive charges and repel each other; while if they are anionic 
their ionic radius may prevent them from packing round the central ion, since size and 
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polarisability tend to increase together. Such ligands do not, in fact, give co-ordination 
greater than four. A complete electron transfer from an anionic ligand to the central 
atom, leading to stable products ML,“-™- or ML,“-”~ and L: is not possible in these cases, 
because the central ions do not have vacant penultimate d-orbitals and have not enough 
charge to hold the electron in an outer d-orbital. 

From the covalent-bonding treatment we have already seen how the need for promotion 
energy to match the s-, the p-, and the d-orbitals requires that the ligands be electronegative. 
For P~, fluorine (or exceptionally chlorine) is suitable; for S° only fluorine will do; for Cl* 
even fluorine is not sufficiently electronegative. Alternatively we could say that the ions 
PX,"* and SX,** oxidise any but the most electronegative of the halogen ions by removing 
electrons from them completely, so that PI, and SCl, are unstable. 

In the 5-co-ordinated phosphorus halides, fluorine, chlorine, or even bromine appear 
to be suitable; but because only one electron in a d-orbital has to be matched, instead of 
two as in sulphur, less polarisation of the central atom is required. The steric factor may 
also enter, because the average Cl-Cl distance in phosphorus pentachloride is somewhat 
greater (3-1 A) than that expected in sulphur hexachloride (2-9 A). 

For the heavier elements of the B-sub-groups, the « values, even for s- and p-orbitals, 
become much smaller than those for fluorine; e.g., for tin « (s) = « (p) = 0-89, whereas for 
fluorine the value is 2-60, so ¢ = — 0-49 and overlap is poor. The larger halogens give 
better overlap (for Sn—Cl and Sn-Br the corresponding ¢ values are —0-39 and —0-28), 
so they are favoured. 

The elements in the earlier A-sub-groups are highly electropositive, t.e., they have very 
small « values even for their s- and p-orbitals; so when they form complexes these are 
essentially electrostatic. Those in the later A-sub-groups and in group VIII, being less 
electropositive, might be expected to form more covalent octahedral complexes, provided 
that the ligands are not too electronegative, because d-hybridisation permits of good over- 
lap even when the ligands are somewhat more electronegative than the central atom. In 
fact, in such complexes the central atom always has enough d-electrons spin-paired, accord- 
ing to the magnetic criterion, to permit of two penultimate d-orbitals’ being available for 
d*sp* hybridisation, more especially if the metal is in its bivalent state. Thus this occurs 
when the ligand is CN~, NO,~, CO, or a tertiary phosphine or arsine. Other, more highly 
electronegative ligands, such as H,O, NHg, ethylenediamine, acetylacetone, the oxalate 
ion, Cl-, and F~ do not usually cause such hybridisation (cf. Pauling, op. cit.). Admittedly, 
however, for all ligands in the former group, but for none in the latter, the formation of double 
bonds with the metal atom is possible, and these may obviously stabilise the complex. 
Burstall and Nyholm (J., 1952, 3570) indeed suggest that this possibility is the major 
factor in producing strong octahedral bonding in such cases. The proper degree of em- 
phasis is not certain. Tervalent cobalt and the heavier elements of group VIII hardly give 
this distinction, for they appear to show d*sp%-bonding with any type of ligand. The only 
paramagnetic octahedral cobaltic complex now known is K,CoF ¢. 

When such d*sf* hybridisation does not occur, there is what may be variously described 
as ionic bonding, restricted resonance using sp* hybrid orbitals (Pauling, /., 1948, 1461), or 
sp*d* hybridisation, t.e., the use of ultimate d-orbitals for bonding (cf. Huggins, J. Chem. 
Phys., 1937, 5, 527). There is fairly direct evidence in some instances that the bonds 
formed by the central atom are quite highly polar. Atom polarisation provides some 
indication of the polarity of the opposed bonds in a symmetrical molecule (see Coop and 
Sutton, /., 1938, 1269). For the aluminium-trisacetylacetone complex which, from earlier 
arguments, would be expected to be quite polar, the value is large (39-7 c.c.); for the 
chromium compound it is 40-2 c.c.; and for the iron compound it is even larger (55-1 c.c.), 
which may indicate even more polar bonding or a smaller force constant for bond bending. 
The magnetic moment of the last compound (5-9 B.M.; Sugden, J., 1943, 328) shows five 
unpaired electron spins. To some extent, the difference between these three descriptions 
is a matter only of language; but there are definite reasons for preferring the last of 
them. 

The complex ion [Ni(dipyridyl),]?* can be resolved into optical antimers (Morgan and 
Burstall, /., 1931, 2213); and it has been suggested that this relative stability indicates the 
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use of 3d24s4p% hybrid orbitals for covalent bonding (Pauling, of. cit., p. 117; Johnson, 
Trans. Faraday Soc., 1932, 28, 845). This suggestion would, however, require the promotion 
of two electrons from a 3d- to some outer orbital, presumably to a 5s-orbital in which they 
would be spin-paired, giving diamagnetic character. The magnetic moment actually 
shows that there are two unpaired electron spins. Furthermore, by analogy with the 
cobalt complexes, we should expect that these two electrons could be readily removed by 
oxidation, giving tervalent or quadrivalent nickel, but this is not observed. A more 
probable explanation is, therefore, that 4s46°4d?-orbitals are used to form rather weak 
covalent bonds, while two unpaired electrons remain in two 3d-orbitals. This is supported 
by the observation that the complex [Zn(en),|** can be resolved (en = ethylenediamine) 
(Neogi and Mukherjee, J. Indian Chem. Soc., 1934, 11, 681; cf. idem, ibid., p. 225) 
although 3d hybridisation is almost certainly impossible and only 4s4p%4d? would be likely. 
The resolution of {[Fe(C,O,),]?~ claimed by Thomas (/., 1921, 1140) has been disputed by 
Johnson (Trans. Faraday Soc., 1932, 28, 845); but Dwyer and Gyarfas (Nature, 1951, 
168, 29) have observed activity in the ferric-trisacetylacetone complex the magnetic moment 
of which shows five unpaired electron spins. However, both the nickel and the iron 
complexes racemise rapidly. 

Finally, when a specially powerful chelating agent, such as a ditertiary arsine, is used to 
form nickel complexes, it does in fact, as predicted above, give a diamagnetic ion, [Ni(diat- 
sine),|**, which apparently can be oxidised (Nyholm, J., 1950, 2061). Similar compounds, 
[NiCl,(diarsine),]*X~ and [NiCl,(diarsine),|**X~,, containing Ni"! and Ni! respectively, 
have actually been isolated (Nyholm, /., 1951, 2602). 

The question of whether or not penultimate d-orbitals can hybridise with ultimate s- 
and #-orbitals has hitherto been considered only in relation to octahedral bonding, but its 
relevance to the question of whether certain 4-co-ordinate complexes will be planar or 
tetrahedral needs discussion. From the foregoing general conclusions it would be expected 
that the less electronegative ligands would favour planar bonds involving dsp?-hybrid 
orbitals, whereas the more electronegative ones would favour tetrahedral, sf3-bonding. 
Mellor and Craig (J. Proc. Roy. Soc., N.S.W., 1940, 74, 475) have shewn that this is in 
general true. Interesting examples are that [Ni{(CH,°S-CH,"),},|Cl, is paramagnetic 
(Foss, personal communication) whereas K,[Ni(thio-oxalate),| is diamagnetic. Now ina 
cationic complex, the excess of positive charge will increase the effective electronegativities 
of the ligands, and the reverse will be true in anions; so, as predicted, the ligand with higher 
electronegativity appears to cause sf* hybridisation and that with the lower causes dsp? 
hybridisation. 

Cupric complexes with highly electronegative ligands are, however, anomalous: for 
whether they are anionic, e.g., [(CuCl,]*~ or cationic ({Cu(H,O),)**, they always have, in the 
crystalline state, four nearest neighbours in a plane and usually two more completing a 
distorted octahedron. Furthermore, they cannot be oxidised at all easily to tervalent 
copper, although for gold this happens so readily that the bivalent complexes are unknown. 
The usual explanation of the planar bonding, as being due to promotion of an electron from 
a 3d- to a 4p-orbital, followed by hybridisation of this 3d- with 4s- and 4f-orbitals, therefore 
does not appear satisfactory. Pace Ahrens’s views (Nature, 1952, 169, 463) we do not con- 
sider that the planar arrangement of the valencies can be explained in terms of pure ionic 
bonding; hence if 3d-orbitals are not used, presumably 4d are: and there is 4s4p74d 
hybridisation. The same is true of the complexes of bivalent silver. Ray and Sen (/. 
Indian Chem. Soc., 1948, 25, 473), from a careful examination of the magnetic moments, 
have already suggested that this may be true of some copper complexes, though others 
involve 3d4s4? hybridisation. This hypothesis is further supported by the fact that the 
tervalent copper complex K,CuF, (Klemm, personal communication: Hoppe, Angew. 
Chem., 1950, 62, 339) has a magnetic moment of about 2-9 B.M. which indicates (see 
Nyholm and Sharpe, /., 1952, 3579) that two 3d-orbitals are occupied by unpaired electrons ; 
so 3d*4s4p° hybridisation is not occurring but 4s4f°4d? may be. 

There is, therefore, considerable positive evidence that 4d-orbitals can hybridise with 
4s and 44 in octahedral or planar complexes when the ligands are electronegative. Trans- 
ition from d*sp* to sp3d? hybridisation requires promotion of electrons and could happen 
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in the combined fields of strongly electronegative ligands. In discussing such cases, 
Pauling has tended lately to discard the hypothesis of d hybridisation (J., 1948, 1461) and 
to use instead the concept of sp* hybrids resonating among the several positions. This 
view is a consequence of his describing the polar character of a bond in terms of its ionic 
character. As we have seen, this is an arbitrary simplification and, it would appear, not 
always satisfactory. 

A description in terms of diffuse hybrid functions on one centre overlapping with 
relatively compact ones on the other reduces the conceptual difficulty. Admittedly, for 
very large charge transfers in o-bonds, it is adequate only if the hybridisation includes 
quite high orbitals of the central atom, and for some purposes the “ ionic ” description 
then has advantages; but if there is reason, either theoretical or empirical, to consider that 
the configuration of the molecule is determined by the central wave-functions, then it is 
better to use a group of wave-functions which definitely implies that configuration. If 
charge transfer goes far enough, molecular configuration is no longer controlled by the 
central wave functions, and this consideration no longer applies. 

d-Orbitals in n-Bonding.—(1) d,-p,-Bonding. The case for the existence of x-bonding 
which involves ultimate d,- and #,-orbitals, respectively, of the two atoms involved as in, 
e.g., >S=O or >P=0, is largely based on the analysis of bond characteristics, viz., 
the lengths, mean energies, electric dipole moments, and vibration frequencies, empirical 
comparisons and arguments of analogy being used (cf. Phillips, Hunter, and Sutton, /., 
1945, 146; Barnard, Fabian, and Koch, /., 1949, 2442). It has been criticised by Wells 
(J., 1949, 55); but the consistency of the arguments and conclusions is nevertheless striking. 
Further evidence comes from the properties of systems such as thiophen, diphenyl 
sulphide, thianthren, and dipheny] sulphoxide and sulphone, wherein new types of conjug- 
ation can arise if d-orbitals can participate (cf. Moffitt, loc. cit.). The existence of the 
compound pentaphenylphosphorus, PPh, (Wittig and Rieber, Annalen, 1949, 562, 187), 
may possibly be due to such bonding. Striking support for it comes from the non-basicity 
and planarity of trisilanylamine, N(SiH;), (Hedberg, personal communication) which 
indicates extensive use of the nitrogen lone pair for x-bonding. Furthermore, Pauling has 
shown that this hypothesis makes possible an explanation of the strengths of the oxy- 
acids (personal communication). Our theoretical results indicate that such bonding is 
very probable, and that the conditions as to relative electronegativities of the atoms 
bound by it are not critical. 

Such bonding is possible between the oxygen and the silicon atoms of the backbone in a 
“silicone ” molecule, and its occurrence is indicated by the short observed Si-O distance 
(ca. 1-64 A (Aggarwall and Bauer, J. Chem. Phys., 1950, 18, 42; Kotera, Ueda, Yamasaki, 
and Yokoi, ibid., p. 1414) to be compared with 1-83 A calculated from Pauling’s older covalent 
radii, or 1-76 A from the newer radii and with the Schomaker--Stevenson correction (J. 
Amer. Chem. Soc., 1941, 63, 37)]. Nevertheless this would not, as might at first appear, 
affect the freedom of rotation about these bonds, because there are five orthogonal d- 
orbitals available on each silicon atom, and these make it possible for a x-bond to be formed 
to oxygen whatever the orientation of any one Si-O bond to any other in the chain; hence 
there is complete freedom of rotation in this chain so far as this effect is concerned. 

General evidence for the existence of d,—p, bonding, with a penultimate d,-orbital, is 
that : (i) complexes in which this could occur, ¢.g., cyanide, carbonyl, and nitrosyl, are 
formed with elements which have suitable penultimate d-orbitals, such as the transition 
metals, copper, or silver, and even the group IIB elements (cf. Syrkin and Dyatkina, 
“Structure of Molecules,” Butterworths Sci. Publ., London, 1950, p. 369), but not by 
elements such as aluminium which lack them, although one reason for this may be 
the suitability of such ligand sfor d*sp* hybrid o-bonding to the former (cf. p. 348); 
(ii) such complexes are more stable than the corresponding ones formed with Cl- and Br- 
which have no #,-orbitals free to accept a bond from the metal atom; and (iii) the bond 
lengths, where known, are less than would be expected for o-bonding alone (cf. Sidgwick, 
op. cit.; Pauling, op. cit.). 

More particular evidence is that, towards those metals for which no double-bonding is 
possible, the co-ordinating power for a series of amines runs parallel to the basic constants ; 
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so, if only o-bonds were formed, ethylenediamine would always be stronger than dipyridy]. 
Since the reverse is true with the transition metals (e.g., the 6-co-ordinate Ni?* complex with 
the latter can be resolved, but that with the former cannot), we conclude that double- 
bonding occurs with them. 

There is therefore a strong factual case for believing that such double-bonding happens : 
and this is supported both by the argument originally adduced by Pauling, viz., that it 
disperses negative charge from the central negative atom of a complex, and also by our 
calculations. 

The possibility of the reinforcement, by double-bonding, of the bonds in square complexes 
has been discussed on p. 342. The notable stability of the planar tetracyanide anion 
(Ni(CN),]?- and of the dioxime neutral and cationic complexes appears to support this sugges- 
tion. The oxalato-ion [NiOx,]?~, in which such reinforcement would be less important if 
it occurred at all, is as stable as the complex cyanide ion, but the oxalato-group is a chelate 
one. 

The tetrahedral complex cyanide anions of the Group IB and IIB elements could be 
stabilised, since two d,—p,-bonds may resonate among the four sp* hybrid o-bonds (cf. 
Syrkin and Dyatkina, of. cit., p. 369). There is no reason why one electron, from a singly 
occupied d-orbital of the metal, should not form a part-bond of this type: or why sucha 
d-orbital should not accept a one-electron dative bond from a ligand. 

(2) d,-d,-Bonding. There appears at present to be no evidence for d,-d,-bonding if 
both d-orbitals are in ultimate groups; and instances where both d-orbitals are in penulti- 
mate groups are at present rare. The case of the ion [Ni(CN).],~, where it is suggested that 
n is 2 (Mellor and Craig, Proc. Roy. Soc., N.S. W., 1943, 76, 281), may be relevant since the 
Ni-Ni bond could be a o-bond formed by dsp?-dsp?-orbitals and reinforced by a x-bond. 

The concept of a d,-d,-bond when one d-orbital is in the ultimate group of one atom 
and the other is in the penultimate group of the other atom was first postulated by Syrkin 
(Bull. Acad. Sct. U.R.S.S., Cl. Sci. Chim., 1948, 75), and it has been discussed and extended 
independently by Chatt (Nature, 1950, 165, 637; see also Chatt and Wilkins, J., 1952, 4300, 
for later references), by Nyholm (Thesis, London, 1950; Kabesh and Nyholm, J. 1951, 
3245), by Orgel (see Nature, 1951, 167, 434) and by Coates (J., 1951, 2003) The evidence 
is largely of a classical chemical] nature. 

The order of stability of complexes formed by alkyl derivatives of the elements of the 
fifth and the sixth group acting as donors to atoms which can accept only with p-orbitals (such 
as boron, aluminium, or gallium) is in the order R,O>R,S>R,Se and R,N>R,P>R,As> 
R,Sb (H. C. Brown, personal communication; Coates, J., 1951, 2003). The stability of 
complexes formed by such ligands with the transition metals is, however, in the order 
P>As>N. The complexing power of o-phenylenebisdimethylarsine is greater than that 
of dipyridyl, since it appears to be able to force electrons from a 3d- to a 5s-orbital (cf. p. 

349; Burstall and Nyholm, Joc. cit.). A strong indication that new types 

re co Of bond may rise came from the isolation of complexes of phosphorus 

OW / “~~ trifluoride, ¢.g., (PF )9,PtCl, (Chatt, loc. cit.) and Ni(PF,), (Irvine and 

L A Pi ___ Wilkinson, Science, 1951, 113, 742), although this ligand shows no sign 

~ oe are of combining with boron trifluoride. Recently, Nyholm (/., 1952, 2906) 

i. has isolated the compound (I) for which the C-O vibration frequency 

is the same as in nickel carbonyl. This suggests that the arsine groups can play the same 
part in forming double bonds to nickel as can the carbonyl groups. 

All these observations could be reconciled by postulating the formation of a d,-d,- 
bond in addition to the s-bond. Moreover, as was previously emphasised (p. 345), because 
the x-bond would tend to neutralise the formal charges set up by the formation of the o- 
bond, the latter might be strengthened. 

Since two of these x-bonds could be formed at right angles, the cis-forms of compounds 
L,MX, would be favoured if only L could form such bonds with M. Chatt and Wilkins 
(J., 1952, 273, 4300) have shown that this effect is probably complicated by electrostatic 
interactions; but they estimate it to be about 10—12 kcal./mole for platinous complexes 
in which L is a Group VB ligand and X is chlorine. 

There is at present a relative lack of direct physical evidence for such d,—d,-bonding. 
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Jensen’s measurements (Z. anorg. Chem., 1935, 225, 97; 1936, 229, 225; 1937, 231, 365) of 
the electric dipole moments of a number of cis-L,PtX, compounds, where L is a dialkyl 
derivative of S, Se, or Te, or a trialkyl derivative of P, As, or Sb, and where X is a halide, 
indicate that the L-Pt bonds are highly polar, [about 4-5—6-1 Dp for the Group V ligands 
(2 p being allowed for each Pt-Cl bond), and about 4-7 p for the Group VI ligands]. The 
exact significance of this cannot be judged without more data for comparison; but it 
appears that if there is a reverse dative bond from metal to ligand it is not developed as 
much as the o-dative bond from ligand to metal (cf. Chatt and Wilkins, /oc. cit.). 

Measurements for the bonds formed by phosphorus trifluoride (Chatt and Williams, /., 
1951, 3061) indicate that the F,P—Pt grouping is almost non-polar, 7.e., that its moment is 
probably not greater than 1 D; so the P-Pt bond appears to be of low polarity, as would be 
expected if the d,-d, dative bond were of about the same moment as the o-dative bond, the 
two being opposed. 

The observed length of the As—Pd bond in [Me,AsPdBr,], is 2-50 A (Mann and Wells, /., 
1938, 702). That for the Pd—Br bonds is 2-45 A. The Pd radius from the latter, plus the 
normal-valent arsenic radius, is 2-52 A. There is, therefore, no notable contraction attribut- 
able to double-bonding between Pd and As. 

The chemical evidence for such bonding is strong; and the theoretical results show that 
it is likely. Further studies of the physical characteristics of compounds wherein it may 
occur are therefore needed. 


APPENDIX 


Ferrocene (biscyclopentadienyliron) is known to have a “‘ sandwich ’’ structure (Wilkinson, 
Rosenblum, Whiting, and Woodward, J. Amer. Chem. Soc., 1952, 74, 2125; Fischer and Pfab, 


Fie. ll. 


i i 
x II II A A 


A B Cc D E 
A—E, Symmetries of the molecular orbitals derived from atomic m-orbitals. 


F, A d,—II-bond in ferrocene. G, H, The ds-A-bonds in ferrocene. 


Z. Naturforsch., 1952, 7, b, 377; Eiland and Pepinsky, J. Amer. Chem. Soc., 1952, 74, 4971; 
Dunitz and Orgel Nature, 1953, 171, 121). Dunitz and Orgel, and Jaffé (J. Chem. Phys., 
1953, 21, 156), have described the electronic structure in terms of molecular orbitals. A 
part translation into valency-bond language gives the following description. The state 
of each cyclopentadienyl radical may be expressed in terms of molecular orbitals: these, 
which are formed from the x-type orbitals of the five carbon atoms, are one of E-type (Fig. 114) 
containing two electrons; two of II-type (Figs. 11B, C) which are degenerate and of which one 
contains two electrons while the other contains only one; and two of A-type (Figs. 11D, E) 
which are empty—the last would be similar in symmetry to the d,, and d,_,» atomic functions, 
being oriented with their sets of nodal planes at 45° to each other. The symmetries are 
shown in Fig. 11. 
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The iron atom has three of its 3d-orbitals doubly occupied and two singly occupied. They 
are all degenerate; so we can consider the latter pair of orbitals to be the d,, and the d,,. One 
of these can then form what is essentially a d,—p,-bond with the II,-orbital of one radical (Fig. 11F) 
and the other with the Il,-orbital of the other radical (exactly like 11F but turned through a right 
angle about the vertical axis). But these n-bonds formally resemble those in carbon dioxide ; 
so we must consider that there is a ‘‘ resonance’’ of both of them between alternative pairs 
of centres (in Fig. 11F, the lobes used for the alternative bonds are shown by solid and by broken 
lines respectively). It would also be possible for a dative link to be formed by the two electrons 
in the d,,-orbital of the iron atom to an empty A,,-orbital of one radical, and for those in the 
d,+_y:-orbital of the iron atom to form one to the A,:_,:-orbital of the other. These two dative 
bonds would be of §-type and they also “‘ resonate’’ between alternative pairs of centres (Figs. 
11G and H show the alternatives by solid and by broken lines). Although, for simplicity, the 
two evélopentadienyl radicals are shown with the same orientations in Figs. 11G and H, no such 
relative fixation would necessarily occur, because the nodal planes are not uniquely related to 
the atoms of the radicals. In the crystal (see above), the molecule has a centre of symmetry, 
i.e., has a staggered configuration. 

[Added, November 23rd, 1953.} In the light of recent work on the cyclopentadienyl deriv- 
atives of other metals (see Wilkinson ef al., J. Amer. Chem. Soc., 1952, 75, 1011; Fischer and 
Huffner, Z. Naturforsch., 1953, 8, b, 444) it is clear that the covalent x-type bond is in general 
the most important one. The dative 3-type bond discussed above may increase in relative 
importance as the x-type bond is weakened by decrease in the number of unpaired electrons 
available (or by the energy required for promoting electrons from 3d to 4p orbitals if this occurs ; 
Wilkinson e¢ al., loc. cit.), as, e.g., in Co(C;H;), and Ni(C;H;),. It is possible in all other such 
complexes, save in [Ti(C;H;),|**, and in isoelectronic ions; but it will be less important the 
larger the positive charge on the ion and the fewer the 3d electrons. In the titanium and similar 
derivatives there may be a dative o-type bond from the & orbital of either cyclopentadieny] 
radical to the d,? orbital of the metal atom. 

The magnetic properties of the various compounds follow from the discussion by Dunitz and 
Orgel (loc. cit.) or from the theory developed above. 


In respect of this and the following paper, one of the authors (L. E. O.) thanks the Depart- 
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Chemical Bonds involving d-Orbitals. Part II.* 


By D. P. Cratc, A. Maccott, R. S. NyHoim, L. E. OrceEL, and L. E. Sutton. 
[Reprint Order No. 4558.] 


Overlap integrals for some of the possible combinations of 3s-, 3p-, 3d-, 4s-, 
and 4p-orbitals have been evaluated for the ranges of the variables p and ¢ 
which are of importance for chemical binding. Functions of Slater form 
have been used. 


WE have evaluated overlap integrals involving 3s-, 3)-, 3d-, and in a few cases 4s- and 
4p-orbitals. Functions of Slater form have been used. The explicit expressions for 
typical orbitals are : 


7° .cos0.e" 
—— .r*.sin@.cos¢.e* 


—.— . r® (3cos? 6 — 1) .e-*” 


3. o7/2 ° 
—_——— . 74 .sin9.cos@.cos¢.e-” 


—, 72 ,e-" 


.P.cos 0.e7* 


The internuclear axis is taken as the z-axis of the co-ordinate system unless otherwise 
stated. It should be noticed that the 4s- and the 4-orbitals are not obtained in quite the 
manner suggested by Slater. If, as he suggests, ,, is taken to be Nr*:7e-™ the evaluation 
of the overlap integral could not be carried out in the usual way. Instead, the nearest 
integral power of 7 has been taken. 

We have used the method of evaluation described by Mulliken, Riecke, Orloff, and 
Orloff (J. Chem. Phys., 1949, 17, 1248). 

The overlap integrals evaluated were : 

o-Type. S(3s-3p); S(3p-3p); S(3p.-3dz); S(3p-4s) equicentre case only; S(3p-4/) 
equicentre case only. 

n-Type. S(3d,-3d,); S(3p,-34,). 

8-Type. S(3d;-3d;). 

s-Symbatic Type. S(3ds-3d,). 

Diagrams of the less familiar bond types considered are shown in Part I, Fig. 1. 

The explicit expressions for the overlap integrals are : 


aed 4/3(1 — 2)?! 
o(es-3P) = = aa 


247 
ad [ApB; + A,(B, — Bs) — A,(2B; + B;) — 

2A,(B, — B,) + A,(B, + 2B,) + A;(By — B,) — AgB,] 
: (] _ 1?) 7/2p? , 


S(3p,-3p,) P [AgB, — Ae(2Be + Bg) + A,(By + 2B,) — AgBy] 


450 — 


* Part I, preceding paper. 
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*/¢€ (1 == § 2) 7/257 ' 9 
S(3p.-8da) = 64/15 [A)(3B, — B;) + A,(—8B, + 2B, + Be) — 
A,(3B, + B, + 2B,) + A;(3By) — B, + B, — 3B.) + A,(2B, + B, + 3B;) + 
A;(—B, — 2B, + 3B,) + Ag(B, — B,)] 


5(3p,-3d,) = ¥50 «on [Ag(By ~ B,) -+ A,(B, — 2B, + B,) + 


A,(—B, — Bg + 2Bs) + As(—By + By + By — Bg) + A,(2B, — By — B;) + 
A;(By — 2B, + By) + Ag(—B, + Bs)] 


(1 2 {2 )t/2p? 


toy (Ae(Be — By) + Aa(—By + By) + Aq(By — By) + 


A,(—B, + B,)] 


S(3d,-3d,) = 


(1 — #2)7/297 


768 [Ap(—B, + 2B, — Bg) + Ag(By — 3B, + 2Bg) + 


A,(—2B, + 3B, — Bs) + A,(By — 2B, + B,)] 


S(3d;-3d;) = 


S(3dx-8d.s) = —? [A,(—27B, + 30B, — 11B,) + A,(27B, — 33B, + 30B,) + 
A,(—30B, -+ 33B, — 27B,) -+-A,(11B, — 30B, + 27B,)] 


S(3p-4s) equicentre = — Ay — 51A, + 49A, + 35A,) 


8 
3p—4 ntre = ———"—_ 21A, — 85A 147A; — 35A 
S(3p-4p) equicentre 50,400 - 5A; + 5A,) 


The numerical evaluation of a large number of overlap integrals can now be attempted 
in two ways. Either the incomplete I’-functions, denoted as A, and B,,, are expressed 
analytically, or numerical values are substituted immediately. We found the latter 
method more rapid. 

Values of these functions are available in the literature (Rosen, Phys. Review, 1931, 
38, 255; Kotani, Amemiya, and Simose, Proc. Piys. Mat. Soc. Jap., 1938, 20, No. 1) for a 
wide range of arguments. However, a number of them which were not available have 
been calculated. If the argument is greater than one, the following recursion formule 
may be used : 


A,(«) = : {e-* + nA,_,(«)} 


By(2) =~ {(— 1)"e* — €-* + mBn-s(a)} 
For small values of the argument, the functions B,, can easily be computed by means of a 
power series expansion. 
For tabulation we have found it convenient to use the independent variables ¢ and p 
introduced by Mulliken et al. (Joc. cit.) in their paper on s- and #-orbital overlap integrals. 
These variables are defined as : 


t = (a4 — ap)/(a, + ap) and p = (aq + ap)p 


where a, and a, are the exponents appropriate to the bonding orbitals and 9 is the inter- 
nuclear distance in A. It should be noted that ¢ measures the asymmetry of the bond. 
Overlap integrals between hybridised orbitals are obtained in the usual way (Mulliken 
et al., loc. cit.), t.¢., if pa = Leip; then San = UeSin. Values of the overlap integrals are 
given in Tables 1—8. Some useful values of the B-functions are given in Table 9. Overlap 
values for some hybrid orbitals are shown in Figs. 2A, 2B, 4A, 4B, 7A, and 7B of Part I. 


—O0-5 
— 0-085 
—0-012 

0-025 

0-061 

0-083 

0-093 
0-092 
0-083 
0-071 


0 
—0-531 
—(0-140 

0-170 
0-342 
0-385 


—0-°5 
0-063 
0-073 
0-060 
0-033 
—0-004 
0-018 
0-031 
0-036 
0-036 


0 
— 0-802 
— 0-365 
0-044 
0-282 
0-353 


—O-5 
0-028 
0-056 
0-078 
0-OSS 
0-O86 
0-078 
0-065 
0-051 


0-039 


0 
0-891 
0-659 
0-424 
0-270 


0-181 0-1 


0 
0-932 
0-762 
0-558 
0-373 
0-233 


—O-1: 


0- 
0-856 
0-639 
0-413 
0-264 


0: 
0-900 
0-737 
0-542 
0-364 


0-228 


Chemical Bends involving d-Orbitals. 


~O-4 
0-001 
0-046 
0-098 
0-136 
0-152 
0-148 
0-130 
0-107 
0-083 


0-1 

0-520 
0-146 
0-155 
0-324 
0-371 


—0-4 

0-122 
3 
0-082 
0-025 
0-024 
0-054 
0-066 
0-065 
0-057 


0-1 

0-776 
0-357 
0-036 
0-268 
0-339 


—O-4 
0-064 
0-119 
0-153 
0-160 
0-146 
0-122 
0-094 
0-069 
0-049 


1 0-2 

0-776 
0-582 
0-381 


0- 
0- 


] 0-2 

0-810 
0-668 
0-4 
0-338 
0-216 


TABLE 
—0-3 
0-067 
0-134 
0-194 
0-225 
0-223 
0-198 
0-160 
0-122 
0-085 


0- 
0- 
0- 
0- 
0- 
0: 
0- 
0: 
0- 


TABLE 2 
0-3 
—0-435 


0-2 
—0-488 
—0-161 
0-111 
0-275 


0-331 


—0 
0 
0 
0 


TABLE 
—0-3 
— 0-197 
—0178 
—0-096 


—0-231 
-0-101 


lL. 
—O0-1 
0-257 
0-361 
0-413 
0-405 
0-353 
0-279 
0-204 
0-140 
0-091 


157 
244 
303 
318 
291 
241 
184 
131 
O88 
2. Overlap 
0-4 
—0-361 
—0-183 
—0-013 
0-114 
0-184 


‘178 
-050 
-200 


266 


3. 
-0-2 


0-279 


—O0-1 
—0-358 
—0-279 
—0102 


0-030 
0-116 
0-149 
0-144 
0-120 
0-090 


—0-002 
0-066 
0-100 
0-T06 
0-094 
0-075 


TABLE 4. 

0-2 0:3 
—0-702 —0-589 
—0-334 —0-297 
—0-012 

0-169 


0-299 0-239 


TABLE 
—0:3 
0-114 
0-203 
0-248 
0-246 
0-214 
0-168 
0-123 
0-085 
0-056 


0-097 

0-061 

TABLE 6. 

0:3 

0-647 
0-487 
0-329 
0-217 


0-147 


0-2 
246 
166 


od 


TABLE 7. 


0-3 
0-674 
0-562 
0-424 
0-296 


0-194 


0-51 


496 


0-178 
0-123 


0-4 


0-433 
0-334 
0-238 
0-164 


0-063 
0-163 
0-194 
0-178 
0-142 
0-103 


Overlap 
0-4 
—0-452 
—0-245 
— 0-037 
0-104 
0-168 


verlap integrals : 


—0-1 
0-232 
0-395 
0-455 
0-425 
0-345 
0-253 
0-172 
0-109 
0-066 


Overlap integrals : 
0-4 
0-493 
0-380 


0-5 
0-335 
0-265 
0-192 
0-134 
0-094 


4 


Overlap integrals : 


0-0 
0-354 
0-468 
0-551 
0-483 
0-408 
0-314 
0-225 
0-151 
0-096 


0-1 
0-427 
0:550 
0-586 
0-544 
0-455 
0-349 
0-249 
0-168 
0-107 


0-466 
0-593 
0-628 
0-585 
0-493 
0-383 
0-279 
0-192 
0 


0-2 
Vv 


0 
0 
0 


0 


126 0 


integrals: S(3p,-3p,). 


0-5 
— 0-272 
—0-170 
— 0-060 

0-033 

0-096 


Overlap integrals : 


0-0 
— 0-423 
—0-318 
—0-105 
0-088 
0-199 
0-228 
0-205 
0-161 
0-114 


pit 0 
7 0-346 
8 0-273 
9 0-195 
10 0-130 


0-1 
— 0-464 
— 0-347 
—0114 


S(3p- 


0-1 
0:338 
0-269 
0-195 
0-132 


0 
0 
0 


3d,:). 
0-2 
—0-473 
— 0-360 
—0-131 


0- 
-629 
-596 
“514 
0-412 
0-312 
+224 
“155 


0 


‘193 
0: 


0-080 
0-206 
0-247 
0-230 
0-187 
0-138 


0-095 
0-215 
0-248 
0-224 
0-176 
0-127 


integrals : S(3d,-3d,). 


0-5 
—0O-311 
—0-183 
—0-051 

0-046 

0-098 


0 
0-282 
0-474 
0-539 
0-497 
0-399 
0-289 
0-193 
0-122 


0-073 


pit 


0- 
0- 
0- 
0- 
Q- 


0-1 
0-309 
0-240 
0-167 
0-108 


0 
0-319 
0-245 
0-169 
0-108 


pit 
6 

7 0 
0 


0 


8 


0-1 
0-312 
0-523 
592 
“545 
*437 
-317 
-231 
0-135 
0-081 


3d,). 
0-2 
0:317 
0-532 
0-604 
0-561 
0-456 
0-336 
0-213 
0-149 
0-092 


-3d,1). 

0-2 
0-119 
0-088 
0-066 
0-047 
0-033 


S(3d.2 
0-1 
0-127 
0-094 
0-069 
0-049 
0-033 


0 
130 
097 
071 
050 
034 


Overlap integrals: S(3d;-3d;). 


0-5 
0-347 
0-298 
0-237 
0-178 
0-127 


9 


bit 
6 
8 
9 
10 


0: 
7 0-077 
0-042 
0-022 
0-011 


0-1 
0-136 
0-077 
0-042 
0-022 
0-011 


0-2 
0-131 
0-076 
0-043 
0-022 
0-012 


0 
137 


( 
0- 
-223 
-159 
-106 


Part Il. 


S(3s-39). 
0:3 
*459 


587 


=) 

2 
31 
25 


135 


0:3 

— (0-447 

—0-°355 

—0-152 
0-044 
0-171 
0-223 
0-220 
0-188 
0-146 


)+2 


281 


0-3 
0-293 
0-496 
0-571 
0-539 
0-449 
0-341 
0-242 
0-163 
0-106 


0-3 
0-106 
0-079 
0-059 
0-044 
0-029 


0-3 
2 0-268 
7 0-233 
0-185 
0-137 


0:3 
0-235 
0-195 
0-145 
0-101 


0-4 
—0-386 
— 0-327 
—0-170 
— 0-005 

0-113 

0-174 

0-188 

0-174 

0-145 


0: 
0- 
0- 
0- 


0-4 
0245 
0-420 
0-492 
0-478 
0-412 
0-327 
0-244 
0-173 
0-119 


0-4 
0-089 
0-066 
0-051 
0-038 
0-028 


0-4 
0107 
0-068 
0-042 
0-026 
0-015 


0-4 
0-205 
0-194 
0-166 
0-13: 


0-4 


17 
15 
12 
09 


0-5 
0-129 
0-138 
0-130 
0-114 


> 
~ 


0-5 
— 0-297 
— 0-272 
—0-171 
— 0-053 
0-044 
0-106 
0-134 
0-138 
0-128 


0-5 
7 0-114 
6 0-109 
3 0-093 
1 0-074 


0-069 
0-052 
0-041 
0-031 
0-024 
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TABLE 8. Overlap integrals: S(3p-4s) and S(3p-4)) equicentre case. 


6 7 8 9 10 
0-384 0-335 0-269 0-200 0-140 
0-365 0-383 0-340 0-270 0-198 


+1 
Taste 9. B,(x) = fre-srar. 
—1 
B,(«) —B,(«) B,(«) —B,(a) B,(«) — B,(«) B,(«) 

2 0-666667 0 0-400000 O 0-285714 0 0-222222 
2-00334  0-066733 0-668668 0-040048 0-401429 0-028608 0-286826 0-022252 0-223132 
2:01336 0133867 0674686 0-080381 0-405729 0-057440 0-290171 0-044687 0-225869 
2-03014 0-201806 0-684763 0-121290 0-412932 0-086718 0-295776 0-067488 0-230456 
2-05376 0-270958 0-698973 0-163067 0-423095 0-116672 0-303687 0-090841 0-236933 
2-08438 0-341741 0-717416 0-206011 0-436297 0-147534 0-313969 0-114939 0-245353 
2-12218 0414586 0-740224 0-250431 0-452640 0-179547 0-326706 0-139979 0-255789 
2-16738 0-489937 0-767562 0-296648 0-472253 0-212961 0342003 0-166167 0-268329 
2:22026 0-568256 0-799625 0:344995 0-495288 0-248037 0-359985 0-193719 0-283079 
2-28115 0650027 0836643 0-395825 0-521925 0-285052 0-380800 0-222861 0-300164 
2-35040 0°735759 0-878885 0449507 0-552373 0-324927 0-404618 0-253834 0-319730 
2-42845 0-825988 0-926653 0:506435 0-586869 0-366083 0-431636 0-286895 0-341942 
251577 0-921285 0-980294 0567025 0-625685 0-410739 0-462076 0-322317 0-366989 
2-61290 1-02226 1-04019 0631726 0-669124 0458620 0-496188 0-360394 0-395085 
2-72043 1-12955 1-10679 0-701106 0-717529 0-510108 0-534254 0-401443 0-426468 
2-83904 1-24385 1-18057 0775410 0-771280 0-565613 0576587 0-445806 0-461406 


Dre co to 


Since the completion of this work, Jaffé has published tables of some of the overlap 
integrals which we have calculated, but he uses different intervals for ¢ (J. Chem. Phys., 
1953, 21, 258). The only discrepancy which we have found, where comparison is possible, 
is that his values for the 3,-3d, overlap are systematically too large and should be 
multiplied by 0-9736. 
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The Participation of Stannic Halide Catalysts in the Reactions of Styrene 
with Hydrogen Halides. Halogen Exchange between Stannic Halides 
and 1-Phenylethyl Halides. 

By KATHLEEN HEALD and GwyN WILLIAMS. 
[Reprint Order No. 4588.] 


Some 1-phenylethyl bromide is formed when stannic bromide catalyses 
the addition of hydrogen chloride to styrene in carbon tetrachloride; and 
some l-phenylethyl chloride is formed in the reaction between styrene and 
hydrogen bromide, in the same solvent, catalysed by stannic chloride. The 
cross halogen addition products are not necessarily formed during the actual 
process of addition because there is direct exchange of halogen between 
halides C,H,X and stannic halides SnY,. In general, the proportion of 
cross halogenation increases with catalyst concentration. The reactions are 
best interpreted by carbonium-ion mechanisms. 

In the polar solvent nitrobenzene, styrene and hydrogen chloride react, 
without a catalyst, to form mainly l-phenylethyl chloride; but in the presence 
of stannic chloride the only product is polystyrene of molecular weight about 
400. 


In carbon tetrachloride (Williams, /., 1938, 246; 1940, 775), and in other solvents (e.g., 
Pepper, Trans. Faraday Soc., 1949, 45, 397, 404), styrene polymerises in the presence of 
stannic chloride to long-chain polymers having molecular weights of the order 1000— 
10,000. When hydrogen chloride is present, however (Williams, J., 1938, 1046; Williams 
and Thomas, /., 1948, 1867), the long-chain polymerisation in carbon tetrachloride is 
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replaced by a faster reaction producing 1-phenylethy] chloride and short-chain polystyrene. 
This is largely dimer for styrene < 2M, but the amount and average molecular weight 
of the polymer rise with increasing initial concentration of styrene. A similar difference 
between reactions in the absence and presence of hydrogen chloride is brought out clearly 
in the far more polar solvent, nitrobenzene (see Table 3). Carbonium-ion mechanisms have 
been proposed for the reactions in carbon tetrachloride (idem, ibid.; also Williams and 
Bardsley, J., 1952, 1707). These are supported by the racemisation experiments on 
1-phenylethy] chloride in carbon tetrachloride (following paper), and also by the following 
experiments, which show that the halogen atoms of a stannic halide catalyst participate in 


the reactions. 
Participation of the halogen atoms of metal halide catalysts in Friedel-Crafts reactions 


has already been proved, in general, by Fairbrother (J., 1937, 503; 1941, 293; Trans. 
Faraday Soc., 1941, 37, 763), by the use of catalysts containing radioactive halogen. A 
proof, on essentially similar lines, for hydrogen halide addition to styrene results from 
experiments in which hydrogen chloride addition is catalysed by stannic bromide, and 
hydrogen bromide addition is catalysed by stannic chloride. 


TABLE 1. Halogen exchange in addition of hydrogen halides in carbon tetrachloride at 
20—25°. 


Expt. Initial Catalyst Duration of % Styrene recovered as : Total %C,H,Br 
No. styrene, M concn.,M_ expt., hr. C,H, C,H,X (CgHa)nQ yield, % in C,H,X 
(a) Adduct: hydrogen chloride. Catalyst: SnBry,. 
Hydrogen chloride supply continuous. 
0-34 0-0048 8-3 
0-329 0-0136 3 9: 20-§ 12-0 
0-371 0-0171 é 
0-34 0-0264 
0-333 0-105 
0-333 0-162 
0-333 0-170 
0-333 0-221 
0-34 0-0167 
(b) Adduct: hydrogen bromide. Catalyst: Sn 
Hydrogen bromide supply continuous. 
0-0104 ° 59-3 
0-0202 78-7 
0-0562 22: 54-2 
0-035 : 69-2 
0-0685 86-4 
0-0857 71-5 
0-0857 85-5 
0-0857 89-4 
0-186 , 63-5 , 
0-343 3 80-1 9- 
0-343 81-4 9- 
(c) Adduct: hydrogen bromide. Catalyst: SnCl,. 
Hydrogen bromide supply regulated. 
0-0857 40-0 26-3 
0-171 . 27-2 
0-174 ° 34-2 
0-343 49-7 
0-175 68-4 
0-175 . 36-0 
0-171 5: 57-0 
0-343 72-2 
* Analysed by oxidation method : remainder by density method. 
+ Solvent: chlorobenzene. 
¢{ Very slow stream of HBr maintained throughout. 
§ HBr supply stopped after 40 min. (76) and 15 min. (75). 
| HBr supply stopped at once after addition of styrene and SnCl,. 
{| Largely distyrene. 


Halogen Exchange in Addition Reactions.—In the experiments listed in Table 1, the 


current of hydrogen halide was led through the solution of styrene and the stannic halide 
catalyst in carbon tetrachloride. The consumption of styrene was tested at intervals by 
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removing samples and titrating the residual styrene with bromine (Williams, /J., 1938, 
246). At the end of the experiment, the products were isolated by distillation, and the 
proportions of l-phenylethyl chloride and l-phenylethyl bromide in the hydrogen halide 
addition product were determined by methods described on p. 361. 

In carbon tetrachloride, hydrogen chloride and styrene do not react in the absence of a 
catalyst (locc. cit.); but when hydrogen bromide is led through 0-33M-styrene, in the same 
solvent, 89—95% yields of 1-phenylethyl bromide are recovered after 1}—3} hr. The 
formation of substantial proportions of 1-phenylethy] chloride, when the addition of hydrogen 
bromide to styrene is catalysed by stannic chloride, is therefore particularly significant. 
The formation of cross halogen addition product is evident in a large proportion of the experi- 
ments in Table 1, from which the following conclusions may be drawn: (1) The addition 
of hydrogen bromide to styrene catalysed by stannic chloride is much more rapid than the 
addition of hydrogen chloride catalysed by stannic bromide; (2) in a general way, the 
proportion of cross halogen addition product formed increases with increase of catalyst 
concentration; the increase is not always strictly regular, but fluctuations may well be 
due to irregularities in the rate of supply of hydrogen halide; (3) from Table l(c) as com- 
pared with Table 1(b), it is clear that the proportion of cross halogen product is increased 
by reduction of the rate of supply of hydrogen halide or by complete interruption of the 
supply. 

Direct Halogen Exchange between 1-Phenylethyl Halides and Catalyst.—The results in 
Table 1 do not prove that the whole of the cross halogen addition product is formed in 
the actual process of addition; and indeed, the results of Table 1(c) indicate the possibility 
of direct interchange between catalyst and the organic halide after its formation. This 
possibility is confirmed by the results shown in Table 2. 


TABLE 2. Halogen exchange between 1-phenylethyl halides and stannic halides in 
carbon tetrachloride at 20—25°. 

Expt. Initial Concn. Initial Concn. Duration % C,HyX 
No. C,H,Br,M SnClh, mM C,H,Cl, mM SnBr,,mM _ ofexpt., hr. recovered 
(a) Interaction of C,5H,X with HY 

_ — 4 
— — 20 
0-36 — 5 
(b) Interaction of C,H,Br with SnCl, 
_ 6 
+ 


-- - 6 
—- : 134 
— + 
(c) Interaction of C,H,Cl with SnBr, 

0-34 0-0211 

0-30 0-0331 

0-30 0-036 

0-30 0-111 

0-30 0-114 

0-17 0-242 
* Current of dry hydrogen chloride supplied. t Current of dry hydrogen bromide supplied. 


t Reagents added to solvent saturated with HBr, then gas supply discontinued. 


Table 2(a) shows that interchange of halogen between C,H,X and HY is inconsiderable 
in the absence of catalyst. Table 2(b) and (c) shows that exchange of halogen between 
CgH,X and SnY, occurs, in carbon tetrachloride solution, in times comparable with those 
used for the addition experiments of Table 1, to an extent which increases with rising 
concentration of SnY, and falls in presence of HX. 

For some addition experiments the reagents were specially dried and the reaction 
was conducted in a totally enclosed apparatus, with an internal arrangement for breaking 
phials of specially pure catalyst without contact with the atmosphere. The results of these 
experiments did not seem to be significantly different from those conducted without these 
special precautions; but, even so, the extent of drying achieved in the special experiments 
was probably insufficient to exclude the possibility of co-catalysis by traces of moisture, 
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DIscussoNn 
In the addition reactions it is not known whether the catalyst acts first upon styrene 
or upon the hydrogen halide. The result of the (no doubt, stepwise) interaction of the 
three reagents may be represented formally by equation (1). Subsequent steps may be 
those shown in equations (2)—(6) : 
CHPh:CH, + SnY, + HX = tCHPh:’CH,}SnXY,— 
* CHPhX-CH, + SnY, . 
+CHPh-CH,}SnXY- ——= i ming per 
HX + +CHPh-CH,}SnXY,- = CHPhX-CH, + {saxkt +BY 
CHPh:CH, + +CHPh-CH,}SnXY,7 = *CHPh’CH,°CHPh’CH,}SnXY,~ . 
+CHPh-CH,°CHPh:CH,}SnXY,~ = CHPh:CH-CHPh:CH,; + HX + SnY, 


Interaction of the carbonium ion with styrene (5) can form (slowly) a polymeric ion, which 
may be stabilised by reaction with the anion (6). One of the stages in process (1) determines 
the rate of addition, as is shown by the kinetics of the reaction (Williams and Bardsley, 
loc. cit.). The forward processes (2) and (3) are fast, whilst the reverse actions have a 
measurable speed, as is shown by the racemisation experiments (following paper), in which 
A= Y= @ 

The logic of the proof, by demonstration of halogen exchange (Table 1), that the halogen 
atoms of the catalyst participate in the addition reactions, is marred only by the possibility 
of direct halogen exchange between HX and SnY,. This exchange is known to occur very 
slowly between HBr and SnCl, below 0°; the halides SnCl,Br, SnCl,Bry, and SnClBr, 
are less stable than SnCl, and SnBr, (Besson, Compt. rend., 1897, 124, 683). However, 
the proof of halogen exchange between catalyst and organic halide (Table 2) shows that the 
presence of hydrogen halide is not essential to halogen interchange, which may occur by 
the back reaction (2) and forward reaction (3). The reaction (4) may account for the 
effect of hydrogen halide in reducing halogen exchange. 

Hydrpgen halides play no part in the normal polymerisation of styrene by stannic 
halides to give long-chain polymers. Formation of long-chain polystyrene, insoluble in 
methyl] alcohol, was not observed in any of the reactions shown in Tables 1 and 2. If the 
long-chain polymers, produced in the absence of hydrogen halide, are also formed through 
carbonium ions of the form *CHPh:[CH,*CHPh},°CHsg, then the higher rate of consumption 
of styrene in presence of hydrogen halide may be due to the readier supply of carbonium 
ions by process (1), when hydrogen halide is available as a co-catalyst ; and the absence of 
long-chain polymers in these conditions must be due to the efficiency of reactions of type 
(6) in destroying growing polymer ions. That forward step (2) is much faster than polymer 
growth is shown by the racemisation experiments (following paper). No hydrogen halide 
addition products of distyrene or other polymer have been isolated in any addition 
experiments. 

Experiments in Nitrobenzene.—These considerations are shown in extreme form in the 
solvent nitrobenzene (Table 3), which is much more favourable to ionisation than carbon 


TABLE 3. Reactions in nitrobenzene. Temp. 20-—-25°. 
Duration of % Styrene recovered as 
Reagents SnCl,, M expt., min, C,H,Cl (CeHs)n 
(a) Styrene, 0-SO2m  .........0.0000008 200 _ 89-2 
(b) Styrene, 034m; HCl satd. 3 — 94-5 


(c) Styrene, 0-34m; current of HCl _- 70 72-8 


tetrachloride. In this solvent, styrene reacts with hydrogen chloride, without an added 
catalyst, to form 1-phenylethyl chloride [Table 3(c)}._ Formation of carbonium ion through 
attack of a solvated proton, Ph-NO,H*, upon the olefin is not improbable. When stannic 
chloride is present, in nitrobenzene solution, the only product isolated from a very rapid 
reaction with hydrogen chloride is quite short-chain polystyrene [Table 3(4)]. Growth of 
polymeric ions—by steps such as (5)—is thus efficient enough to destroy all hydrogen halide 
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addition product; but chain termination, presumably of type (6), is so effective that only 
short-chain polymers are formed, in contrast with the long-chain polymers produced in 
absence of hydrogen halide [Table 3(a))}. 

The solvent used clearly plays an important part in determining what products are 
formed when styrene is exposed to the action of stannic halides and to the combined action 
of stannic halides and hydrogen halides. Pepper and Somerfield have recently shown (in 
“Cationic Polymerisation,” ed. Plesch, Heffer, Cambridge, 1953, p. 75) that hydrogen 
chloride and hydrogen bromide will initiate the polymerisation of styrene in the absence 
of stannic halide, in solvents of relatively high dielectric constant. 


EXPERIMENTAL 


Materials —Pure commercial styrene stabilised with quinol was distilled under reduced 
pressure before use. Commercial stannic chloride and stannic bromide were distilled in a 
vacuum, essentially as described previously (Williams, loc. cit.). ‘‘ AnalaR”’ carbon tetra- 
chloride was stored over phosphoric oxide and distilled immediately before use. 1-Phenyl- 
ethyl chloride and 1-phenylethyl bromide were made, respectively, by the action of purified 
thionyl chloride (McKenzie and Clough, J., 1913, 103, 694) and phosphorus tribromide (Rupe 
and Toni, Ber., 1914, 47, 3074) upon 1-phenylethyl alcohol, prepared from phenylmagnesium 
bromide and acetaldehyde (Found, for the two compounds: Cl, 25-1, 25-3; Br, 43-2, 43-4. 
Calc. for C,H,Cl and C,H,Br: Cl, 25-3 and Br, 43-2%, respectively). 

Addition and Halogen-exchange Experiments.—A current of dry hydrogen chloride (generated 
from hydrochloric and sulphuric acid) or hydrogen bromide (generated by allowing bromine 
to drop on a mixture of red phosphorus and water, or on purified tetralin) was led through a 
solution of styrene and catalyst in carbon tetrachloride at known concentrations. In both the 
addition experiments and the direct halogen-exchange experiments, the products were separated 
by distillation as described by Williams and Thomas (/oc, cit.). 

Products —The hydrogen chloride addition product had composition C, 68-8; H, 6-5; 
Cl, 25-3 (Calc. for CgH,Cl: C, 68-3; H, 6-4; Cl, 25-39%). The compound has already been 
proved to be 1-phenylethyl chloride (Williams and Thomas, Joc. cit.). The hydrogen bromide 
addition product (Found: Br, 43-2%) was shown to be 1-phenylethyl bromide by conversion, 
through the alcohol, into the 3 : 5-dinitrobenzoate (m. p. 94—95°; mixed m. p, with authentic 
specimen 94—95°; cf. Ashworth and Burkhardt, J., 1938, 1798). The short-chain polystyrenes, 
(largely) distyrene, have been identified by Williams and Thomas (loc. cit.). 

Analysis of Mixed \-Phenylethyl Halides.—(a) Oxidation method. 0-2—0-4 G, of the mixed 
1-phenylethy! chloride and bromide was hydrolysed by refluxing it for 3 hr. with a slight excess 
of 0-2N-alcoholic sodium hydroxide. After removal of all organic material by steam-distillation 
(4 hr.), sulphuric acid to make up to 7N and chromium trioxide (6 g.) were added to the residual 
mixed sodium chloride and bromide, and air was led through for 3 hr. (Evans, Analyst, 1930, 
590), to carry the liberated bromine into 20 ml. of approx. 0-2N-arsenious oxide (excess), 
together with sodium hydrogen carbonate (5 g.) and water (200 ml.). Completeness of bromine 
absorption was checked by passing the exit gas through a second arsenious oxide solution. 
The excess of arsenious oxide was titrated against 0-1N-iodine solution. Control experiments 
on synthetic mixtures are shown in Table 4. 


TABLE 4. Analysis of mixed 1-phenylethyl chloride and bromide by oxidation. 


en Ba, bromide; g. ............ 00439 0-1316 0-1804 0-3236 
re Wt. chloride, g._............ 0:2345 0-3042 0-1673 0-0407 


°” C.H.Br ME Raaca eed cheek csdvesccecse ROTO 30-11 51-60 88-62 
hr cee I yan stare vercecesesovece OTE 30-19 51-88 88-81 


(b) Density method. The densities of pure l-phenylethyl chloride and bromide, and of 
artificial mixtures of them, were determined by pycnometer (Table 5). The relationship 
between density and composition is linear. The composition of halide mixtures derived from 
reaction products was determined by reference to these results. 


TABLE 5. Densities of mixtures of 1-phenylethyl chloride and bromide. 


C,H,Br, % 0 24-2 49-2 80-7 100 
po Tg ecient 1-0631 1-136 1-212 1-302 1-3584 
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When applied to the same sample of mixed halides from a reaction product, the oxidation 
and the density method gave concordant results for the proportion of bromide present (Table 6). 


TABLE 6. Comparison of analytical methods. 


By oxidation 9-85 54: 87-1 
55> 


9 
C,H,Br present, % { By density 9-90 5-0 87-5 


The total halogen present in reaction products was frequently determined. The results 
were consistent with those for the proportions of bromide and chloride present. 

Experiments in Nitrobenzene.—At the end of the experiment of Table 3(c) the reaction 
mixture was washed with water and dried and then distilled at <0-1 mm., leaving a small 
residue of undistillable polymer. The |-phenylethyl halide in the distillate was determined by 
hydrolysis with water, followed by Volhard estimation of halide in the aqueous layer. In the 
experiment of Table 3(b), the polymer fractions (I) and (II) were precipitated with much methyl 
alcohol; and fraction (III) was a distillation residue. The molecular weights were determined 
cryoscopically in benzene. The polymer of Table 3(a) was precipitated in methyl alcohol. 
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The Racemisation of (—)-1-Phenylethyl Chloride by Stannic Chloride in 
Carbon Tetrachloride and its Bearing on the Cationic Polymerisation 
of Styrene. 

By KATHLEEN HEALD and Gwyn WILLIAMS. 
[Reprint Order No. 4589.] 


Stannic chloride catalyses the racemisation of (—)-1-phenylethy] chloride 
in carbon tetrachloride, which makes it very probable that carbonium-ion 
mechanisms can occur in this solvent of low dielectric constant. The rate of 
racemisation is substantially unaffected by the presence of excess of styrene. 
It follows that the recombination of the CHPhMe* ion to form the halide is 
faster than its reaction with a styrene molecule. This conclusion is con- 
tirmed by direct observation on the rate of interaction of the halide with 
styrene in presence of stannic chloride. The interaction of this carbonium 
ion with monomeric styrene is an essential growth step 1n the polymerisation of 
styrene. Polymerisation is very largely inhibited by 1-phenylethyl chloride. 


In liquid sulphur dioxide (Bergmann and Polanyi, Naturwiss., 1933, 21, 378; Hughes, 
Ingold, and Scott, J., 1937, 1201, 1271) and in formic acid (Bodendorf and Béhme, Annalen, 
1935, 516, 1), optically active 1-phenylethyl chloride racemises without further catalytic 
aid. Bodendorf and Bohme (loc. cit.) showed that, in less polar solvents, the Friedel- 
Crafts catalysts mercuric chloride, zinc chloride, boron trichloride, titanium tetrachloride, 
stannic chloride, and antimony pentachloride, were effective catalysts for the racemisation. 
The compound antimony trichloride had little activity, whilst silicon tetrachloride and 
arsenic trichloride had none. The racemising influence of zinc chloride was lessened and 
almost inhibited by the presence of lithium chloride; and the action of stannic chloride 
in benzene was greatly reduced by the presence of hydrogen chloride (Béhme and Siering, 
Ber., 1938, 71, 2372). With a given catalyst, the rate of racemisation in different solvents 
generally ran roughly parallel with dielectric constant; and a carbonium-ion mechanism 
was proposed for the reaction. 

Bodendorf and Béhme examined the action of stannic chloride in nitromethane, nitro- 
benzene, benzene, ether, and chloroform, but not in the still less polar solvent carbon 
tetrachloride. Since carbonium-ion mechanisms have been suggested for reactions of 
styrene, hydrogen chloride, and 1-phenylethy] chloride, in this solvent, in presence of stannic 
chloride (cf. preceding paper), we have verified that stannic chloride does bring about the 
racemisation of (—)-l-phenylethyl chloride in carbon tetrachloride and we have measured 
rates of racemisation, 
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Racemisation Reactions.—The results are shown in Table 1. Racemisation is normally 
of the first order with respect to (—)-l-phenylethyl chloride; for (a) the half-period of 
racemisation (in a given experiment) is nearly equal to the time needed to pass from one- 
third to two-thirds of completion, the reaction periods being derived from curves of 
observed rotation against time (Fig., c, d); (b) log a, is linear with time (Fig., a, 6), and 
velocity coefficients may be computed graphically for the expression k,t = 2-303 log (a,/a,), 
where a, and a, are the rotations observed for times zero and #, respectively; (c) rates 
of reaction with a stannic chloride catalyst are seldom exactly reproducible, but the values 
of k, and the periods for fractional completion of racemisation are nearly the same for 
different initial concentrations of the halide. 

In all the experiments the catalyst concentration was nearly the same. Each group of 
experiments in Table 1 is a series performed with catalyst solutions derived from the 
same sample of stannic chloride. Between each series of experiments, the reaction vessel 


TABLE 1. Rates of racemisation in carbon tetrachloride at 25°. 


[a]p for C,H,Cl, os nee Reaction time : 
C,H,Cl initial ,  Concn. of styrene,M g_4 1—3 100 ky, 
used concn., M Initial Final completion completion min! 
—50-1° 0-3447 , ° 15-1 
— 0-3447 . ~- - 
— 36-5 0-2187 
— 0-2081 
—45-3 0-2070 
0-2070 
0-1972 
0-1972 
0-1250 
0-1250 
0-1190 
0-1190 
0-1144 
0-1089 
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(polarimeter tube) was dried particularly thoroughly (see p. 366). In a few experiments, 
at the beginning of a series, racemisation was unusually slow and did not conform to 
first order. An example is Expt. 15 (Table 1) which was slow in its later stages, and another 
is given by a series (not shown in the Table) in which the half-periods and periods for one- 
third to two-thirds completion in successive reactions were 31, 112; 11-0, 21:5; 14-5, 
18-5; and 11-7, 12-8 min. There is evidence (e.g., Plesch, Research, 1949, 2, 267) that the 
action of Friedel-Crafts catalysts is sometimes influenced by traces of a polar “ co-catalyst ” 
(such as water). The reagents used in the racemisations were thoroughly dried by normal 
methods. It has not been established whether the abnormal racemisations, which occurred, 
if at all, at the beginning of a series, were due to the removal of moisture by the rigorous 
drying of the polarimeter tube between series, or to the presence of adventitious anti- 
catalyst. In any event, it appears (Table 1) that reasonable (though not necessarily exact) 
reproducibility of reaction rate is obtainable by ordinary careful treatment of reagents 
and apparatus, as is also true of the polymerisation of styrene by stannic chloride in carbon 
tetrachloride (Williams, J., 1940, 775). 

In Bodendorf and Béhme’s experiments with stannic chloride (loc. cit.), racemisation 
was slowest in chloroform. It is slower still in carbon tetrachloride. Extrapolation 
from their results (with the aid of their unusual expression for the dependence of racemisation 
rate upon catalyst concentration) gives k, ~ 0-4 for catalysis by 0-074M-stannic chloride 
in chloroform. The corresponding result (Table 1) for carbon tetrachloride is k, ~ 0-07. 

Mechanism of Racemisation.—Previous investigators (locc. cit.) have taken the observed 
rates of racemisation to be the rates of formation of carbonium ions. Prior elimination 
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of hydrogen chloride, possible in formic acid solvent (Hughes, Ingold, and Scott, doe. cit.), 
is unlikely in racemisation by Friedel-Crafts catalysts (BOhme and Siering, loc. cit.). On 
this view the rates of racemisation in Table 1 are the rates of carbonium-ion formation in 
processes of type (1) : 


+ 
(—)-CHPhCl1-CH, + SnCl, ——= CHPh:CH,}SnCl,—- === (+)-CHPhCl‘-CH,; + SnCl, (1) 


The rate of disappearance of (—)-1-phenylethyl chloride is measured by k,/2; but the total 
rate of interaction of the chloride with stannic chloride is given by k, (cf. Bartlett and 
Péckel, J. Amer. Chem. Soc., 1938, 60, 1585). Reconversion of the ion-pair into halide and 
catalyst must be rapid. 

Racemisation tn Presence of Styrene——tThe rate of racemisation of (—)-l-phenylethy] 
chloride is substantially unaffected by the presence of excess (0-41M) of styrene (Table 1; 
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Fig. a, b, c,d); and the bulk of the styrene is still present at the end of the reaction 
(Table 1). 

Reaction of (+-)-1-Phenylethyl Chloride with Styrene.—Stannic chloride has been shown 
to catalyse a reaction between styrene and racemic 1-phenylethyl chloride, in carbon 
tetrachloride, to form distyrene and other short-chain polystyrenes (Williams and Thomas, 
J., 1948, 1867). The results of new experiments on the rate of this reaction are shown in 
Table 2. The consumption of styrene was followed by titration with bromine (Williams, 
J., 1938, 246). Up to about 15° consumption of styrene, the fraction of styrene consumed 
in a given time is nearly independent of the initial styrene concentration, which indicates 
that the reaction rate is proportional to the first power of the styrene concentration. At 
later stages of the reaction, when polymers larger than the dimer are accumulating, the 
fraction consumed in a given time increases with increasing styrene concentration. 

Relative Rates of Reactions.—Rates of racemisation are known from Table 1; those for 
the reaction between halide and styrene may be inferred from Table 2; and rates for the 
long-chain polymerisation of styrene, in presence of stannic chloride, and for the action 
of hydrogen chloride upon styrene, are known from earlier work (Williams, J., 1940, 775; 
Williams and Bardsley, J., 1952, 1707). Calculated rates for comparable concentrations 
of the reagents are shown in Table 3, from which it is clear that neither interaction between 
styrene and 1l-phenylethy] chloride (4) nor long-chain polymerisation of styrene (c) will be 
expected to occur to an appreciable extent in the time required for complete racemisation 
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of halide (a) in presence of 0-41M-styrene, in agreement with the results of Table 1. How- 
ever, reactions (b) and (c) proceed, in independent systems, at comparable speeds. Since 
long-chain polystyrene is not detected among the products of (b) (Williams and Thomas, 


TABLE 2. Reaction of 1-phenylethyl chloride with styrene. 
Expt. No. 84 85 
Styrene 0+385 0-743 
Initial concn., » (+)- Sich. Cl 0-179 0-171 
0-0666 0-0636 
Time (hr.) , . 3-33 4:17 10 20 
% Consumption of styrene ( 84 ‘ ‘8 3-0 14-5 19-0 27-5 
in Expt. No. 85 3:5 j: 2: , 22-0 36-0 46-5 
33°5 57-0 72-0 


TABLE 3. [CgH,] = 0-41M (except in e and f); [CgH,Cl] = 0-18m; [SnCl,] = 0-065M. 
Reaction 10% x rate, mole 1.~! min! 


+ SnCl,) acemate 
s(-+ SnCl,) ——» (C Hs), 
1+ SnCl ) SS (Cy H,)12 SEs bec dteb dceesndebenacbvess Jee 
te HA SnCl,) —> C sH,Cl , 
H,(+ SnCl,) — > (Cy hie. 0s +ietbesedlies 
H, + C,H,Cl(+ SnCl,) ——» smz ull polyn mers 


loc. sit), 4 it is evident that (6) can interfere with the long-chain polymerisation of styrene. 
This is still more obvious when 1-74M-styrene is present. As shown in Table 3(e), long- 
chain polymerisation would be rapid at this concentration, in the absence of halide. 


DISCUSSION 

The occurrence of racemisation in carbon tetrachloride makes it very probable that 
carbonium-ion mechanisms are possible even in this solvent of low dielectric constant. 
If the rate of reaction (a) of Table 3 is the rate of formation of the carbonium ion CHPhMe 
‘cf. equation (1)], then the rate of recombination of this ion to form 1-phenylethy] halide 
(faster than (c)] is much faster than the combination CHPhMe* + CHPh‘CHg, which is the 
probable rate-determining step of reaction (b) of Table 3 [cf. equation (5) of preceding 
paper]. The latter process is a growth step in the cationic polymerisation of styrene 
(Table 3, c). The rate of (c) is essentially the rate of combination of all growing polymer 
cations with monomeric styrene. With 0-41m-styrene the rates of (b) and (c) are (for- 
tuitously) nearly the same, although there is no necessary relation between the carbonium- 
ion concentrations in the two processes. With 1-74m-styrene, the rate of polymer growth 
(ce) is much greater than the rate of combination of 1-74m-styrene with halide C,H,Cl (/) 
(estimated by extrapolation from Table 2), when these two reactions occur independently, 
yet distyrene is the main product of (f) and very little non-distillable polymer is formed 
(Williams and Thomas, Joc. cit.). Presumably polymer growth in (/) is cut short by the 
effective chain-breaking combination of carbonium ion with SnCl;~ ion (cf. preceding 
paper). The rate of reaction (d) is that of the essential step in the formation of carbonium 
ion from styrene, hydrogen chloride, and stannic chloride, shown as equation (1) in the 
preceding paper, whilst the rate of (a) is the rate of the back step in (2). 


EXPERIMENTAL 

Materials.—1-Phenylethyl alcohol (from phenylmagnesium bromide and acetaldehyde) 
was converted by phthalic anhydride and pyridine (Pickard and Kenyon, J., 1911, 99, 45; 
Houssa and Kenyon, J., 1930, 2260) into its hydrogen phthalate; and this was resolved with 
brucine (Ott, Ber., 1928, 61, 2140). The less soluble brucine salt (m. p. 150—152°, [a}¥.5 
—46-8°, [x] fo —34-0°; cf. [a]i,, —47-7°, found by Houssa and Kenyon, loc. cit.) was recon- 
verted with hydrochloric acid into the hydrogen phthalate (m. p. 81—81-5°, [a]}%,, +42-1°, 
[a ]ég00 +35:7°; cf. m. p. 81——82°, [«]2,, +39-8°, found by Houssa and Kenyon, Joc. cit.), and 
this was hydrolysed to the alcohol (b. p. 90—91°/16 mm., [«]i%4 —49-7°, [«]}3§, —40-9°; Houssa 
and Kenyon found [a«]?§., —43-8°). 

The action of thionyl chloride upon the alcohol (McKenzie and Clough, J., 1913, 103, 946) 
gave (—)-l-phenylethyl chloride (b. p. 82-5°/17 mm., [«]jjg —50-1°). The rotatory power 
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of the chloride obtained varied in different preparations, as shown in col. 2 of Table 1. The 
highest value recorded was [«]}3,, —51-9°.* A previous value for the (-++-)-isomer was [a«]}? 50-6° 
(tdem, ibid.). 

Samples were dried (K,CO,) and redistilled, and their rotatory power was measured, 
immediately before use. 

The stannic chloride was collected in sealed glass bulbs after repeated distillation in a high- 
vacuum apparatus, as in previous work (e.g., Williams, J., 1938, 246). Carbon tetrachloride 
(‘‘ AnalaR ’’), after several weeks’ storage over phosphoric oxide, was refluxed over this reagent 
for 12 hr. and then fractionally distilled into a storage flask (having phosphoric oxide protection) 
whence it was displaced by dry nitrogen when required for reaction mixtures. Styrene was twice 
dried over sodium and redistilled. 

Racemisation Experiments.—Reaction mixtures, made up in a stoppered bottle from pre- 
viously prepared solutions of phenylethyl chloride and of stannic chloride in carbon tetra- 
chloride, were displaced into a jacketed 2-dm. polarimeter tube by dry nitrogen. Between 
each series of experiments (see Table 1), the polarimeter tube and the vessel used for mixing 
the reagents were washed with several solvents, dried at 110° for 12 hr., and allowed to cool in 
a stream of dry nitrogen. Between individual experiments of a series they were washed 
similarly and dried at 110° for 30 min. The glass end-plates of the polarimeter tube (also 
pipettes used) were covered with a thin film of dimethyl silicone as water repellent. In only 
a few experiments (disregarded) did a faint opalescence (or even turbidity) develop in the 
reaction mixtures. Normally these remained perfectly clear throughout the experiment. 

in the absence of stannic chloride, no racemisation occurred in carbon tetrachloride, as the 
following figures show : 

Concn. of 1-phenylethyl chloride ([«]3,. —36-5° for specimen used) = 0-0925m; temp. 25°; 
i = 2dm. 

SAN: CAE.) . ssc smanebiookinkintes 0-05 0-1 4-0 33-0 48-0 
TRERLIOR: 050.000 0F3. 055 Iho onde oes 0-95° 0-96° 0-96° 0-97° 0-96° 


We thank the Distillers Company Limited for gifts of styrene, and Imperial Chemical 
Industries Limited for financial help towards the work described in this paper and the preceding 
one. 
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Studies upon «-Trifluoromethylacrylic Acid, «-Trifluoromethylpropionic 
Acid, and Some Derived Compounds. 
By M. W. Buxton, M. Stacey, and J. C. TATLow. 
[Reprint Order No. 4621.] 


Pyrolyses of the O-acetates of trifluoroacetone cyanohydrin and methyl 
a-hydroxy-«-trifluoromethylpropionate gave «-trifluoromethylacrylonitrile 
and methyl «-trifluoromethylacrylate, respectively. From these, (a) «-tri- 
fluoromethylacrylic acid and its amide, and (b) «-trifluoromethylpropionic 
acid, various derived compounds, and derivatives of some substituted acids 
based on it, were synthesised. These materials show remarkable properties. 
In particular the unsaturated and some of the saturated compounds possess 
trifluoromethyl groups which are unusually susceptible to alkaline hydrolysis, 
possibly owing to hyperconjugation. 


THE synthesis, in these laboratories, of «-hydroxy-«-trifluoromethylpropionic acid and 
certain of its derivatives was described recently (Darrall, Smith, Stacey, and Tatlow, 
J., 1951, 2329). We now report an extension of this study involving conversions of these 
compounds into «-trifluoromethylacrylic acid derivatives, and additions at the double 
bonds of these unsaturated products. It was found in the earlier work that the hydroxyl 

* Added in Proof.—This specimen was not optically pure. We are indebted to Dr. W. Gerrard for 


drawing our attention to his preparation of (—)-l-phenylethyl chloride (/., 1946, 741), having [«]}}’ 
—99-6°, by the action of phosphorus oxychloride and pyridine on the optically active alcohol. 
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groups of compounds in the «-hydroxy-«-trifluoromethylpropionic acid series are more 
resistant to elimination than are most tertiary hydroxy] groups, and the only practicable 
method that we have found so far for their removal and the consequent formation of 
unsaturated products is pyrolysis of the ester acetates. Hydroxy-groups adjacent to 
trifluoromethyl residues in other compounds have exhibited similar resistance (Swarts, 
Bull. Soc. chim. Belg., 1927, 36, 191; 1929, 38, 99) and, from secondary alcohols of the 
type CF,-CHR-OH, olefins were formed only by pyrolysis of the ester acetates (Campbell, 
Knobloch, and Campbell, J. Amer. Chem. Soc., 1950, 72, 4380). Pentafluoroethyl groups 
have a similar influence (McBee, Higgins, and Pierce, tbid., 1952, 74, 1387). 

Preparations of various fluoromethylacrylic compounds have been reported recently by 
Dickey, who treated trifluoroacetone cyanohydrin or related compounds with sulphuric 
acid or alkyl hydrogen sulphates (U.S.P. 2,472,812, 2,541,465; Chem. Abs., 1949, 48, 8398; 
1951, 45, 5715), or with thiony! chloride (U.S.P. 2,541,466; Chem. Abs., 1951, 45, 5715). 
In the last patent there are mentioned also pyrolyses of O-acetates. Dickey’s main 
interest apparently was in the production of polymers and copolymers, and he records no 


CF,*CMe(OAc)*CN — CF,-C(:CH,)*CN —— CF,-CH(CH,Cl)-CO-NH, —+ CF,-CH(CH,:OH)-CO,H 


Bi weet te sar 


CF,-CHMe-CO-NH, «— CF,C(:CH,)-CO-NH, ——» CF,‘CH(CH,‘OH)‘CO-NH, — CF,-C(:CH,)-CO,H 


Y 


CF,CHMe-CO,H “*—> CFy-CHMe-CO,Me «—— CF,°C(:CH,)-CO,Me «¢—— CF,"CMe(OAc)-CO,Me 
properties for the acrylic monomers. We have been unable to make «-trifluoromethyl- 
acrylamide by reaction of trifluoroacetone cyanohydrin with sulphuric acid; even when 
we used the exact conditions described by Dickey we obtained, as before, a-hydroxy-«- 
trifluoromethylpropionamide, identical with our earlier specimens (loc. cit.). 

Trifluoroacetone cyanohydrin O-acetate and methyl «a-acetoxy-«-trifluoromethyl- 
propionate, when passed through a glass tube at about 500°, gave «-trifluoromethylacrylo- 
nitrile and methyl «-trifluoromethylacrylate, respectively. Pyrolysis of the corre- 
sponding ethyl ester failed to give the unsaturated ethyl ester or the free acid. When 
a-trifluoromethylacrylonitrile was treated with concentrated sulphuric acid and the mixture 
poured into water, «-trifluoromethylacrylamide was obtained. With dilute sulphuric 
acid, this amide afforded, by addition of water across the olefinic double bond, 6-hydroxy- 
a-trifluoromethylpropionamide, which was converted, by acidic hydrolysis under more 
drastic conditions, into the free acid; this could also be obtained directly from the un- 
saturated nitrile. §-Hydroxy-«-trifluoromethylpropionic acid was very soluble in water, 
very hygroscopic, and difficult to purify; attempts at distillation gave traces only of 
volatile material, and the bulk of the product rapidly became viscous, apparently with 
evolution of water, and was then only partly soluble in water. It appeared likely that a 
polyester had been formed by self-esterification; presumably the acid was sufficiently 
strong, because of the presence of the trifluoromethyl group, itself to catalyse such a 
reaction. Treatment of the viscous material with dilute mineral acid regenerated the 
water-soluble hydroxy-acid: §-Hydroxy-«-trifluoromethylpropionic acid was character- 
ised by the formation of a number of derivatives; these had properties different from 
those of corresponding derivatives of the «-hydroxy-acid. The methyl ester of the 6- 
hydroxy-acid failed to give the amide when treated with ammonia. 

Reaction of the $-hydroxy-acid with phosphoric oxide, under conditions which left the 
a-hydroxy-acid unchanged, effected dehydration with the formation of the crystalline 
a«-trifluoromethylacrylic acid. Though a primary alcoholic group, the hydroxyl function 
of the first acid is removed more readily than the tertiary group of the second. 

Various addition reactions at the ethylenic double bond of the trifluoromethylacrylic 
derivatives were examined. Hydrogen chloride and the unsaturated nitrile in ether gave 
-chloro-a-trifluoromethylpropiononitrile; treatment with methyl-alcoholic hydrogen 
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chloride followed by heating afforded the corresponding chloro-amide, identical with that 
obtained by direct addition of hydrogen chloride to the unsaturated amide. Acidic 
hydrolysis of the chloro-amide caused simultaneous Joss of the chlorine with the formation 
of ¢-hydroxy-a-trifluoromethylpropionic acid, identified as the f~-phenylphenacyl ester. 
Hydrogen chloride was added to the unsaturated acid and ester, and bromine to the nitrile 
and the ester, to give the expected products. With the unsymmetrical reagents used so far 
the direction of addition is that expected from analogy with acrylonitrile (Bayer, Angew. 
Chem., 1949, 61, 229) and with 3 : 3 : 3-trifluoropropene (Henne and Kaye, J. Amer. Chem, 
Soc., 1950, 72, 3369; Henne and Nager, td1d., 1951, 73, 5527; Haszeldine, J., 1952, 2504). 
Hydrogenation of the unsaturated derivatives, with Raney nickel as the catalyst, 
proceeded readily at normal temperatures and pressures. «-Trifluoromethylpropionic 
acid and its amide and methyl! ester were obtained by reduction of the corresponding 
acrylic compounds. Since this saturated ester gave no amide when treated with ammonia, 
and a more complex reaction occurred with the unsaturated ester, the products of the two 
pyrolysis series were related by acidic hydrolysis, to the free acid, of methyl a-trifluoro- 
methylpropionate which had been made from methyl «-triflioromethylacrylate. This 
sample of the acid was then converted into the amide and anilide and these were shown to 
be identical with similar specimens prepared from «-trifluoromethylpropionic acid which 
was derived ultimately from the unsaturated nitrile. Reduction of methyl «-trifluoro- 
methylpropionate and of «-trifluoromethylpropionamide with lithium aluminium hydride 
afforded 2-trifluoromethylpropan-l-ol and 2-trifluoromethylpropylamine respectively. 

It had been observed during this investigation that many of the new compounds 
obtained appeared to be attacked by alkali with removal of fluorine; for example, it was 
usually not possible to obtain the free acids by hydrolysis of their esters. Accordingly, 
a study was made of the effect of aqueous sodium hydroxide, of varying concentrations, on 
many of the compounds which had been prepared. The amounts of fluorine which were 
removed from the compounds by hydrolysis appeared in the aqueous solutions in the 
ionic form which was determined by the method of Belcher, Caldas, Clark, and Macdonald 
(Mikrochem. Mtkrochim. Acta, 1953, 283). It was found that the trifluoromethyl groups 
of a-trifluoromethylacrylic acid, and its nitrile, methyl ester, and amide, were hydrolysed 
completely by 2N-sodium hydroxide in 24—30 hr. at room temperature. Much weaker 
alkali undoubtedly would induce considerable hydrolysis, particularly if hot, and even 
water, after 3—4 hr.’ refluxing with the first three compounds caused the splitting-off of 
5—15% of the fluorine. By normal methods of isolation, no organic derivatives were 
obtained from these hydrolyses. Methylenemalonic acid is known to be very unstable 
(Bottomley and Perkin, /J., 1900, 77, 294) and (hydroxymethyl)malonic acid is also 
decomposed fairly readily (Coops, Rec. Trav. chim., 1901, 20, 430; 1904, 28, 353). Because 
the addition of water across double bonds can be catalysed, presumably, by bases as well as 
by acids, the hydroxy-acid appeared to be the more likely end-product. Accordingly, 
methyl! «-trifluoromethylacrylate was treated with aqueous alkali, and the solution was 
worked up by the method described by Coops (loc. cit.) for the isolation of the calcium 
salt of (hydroxymethyl)malonic acid. An organic calcium salt was obtained but it could 
not be purified. 

The stabilities to aqueous alkali of certain of the saturated compounds were examined 
also, and, even more surprisingly, the trifluoromethyl groups of some of them were 
hydrolysed readily. Though a-hydroxy-«-trifluoromethylpropionic acid was stable to 5n- 
sodium hydroxide at 100° for 6 hr. and was isolated unchanged, the $-hydroxy-acid had 
lost all of its fluorine after 3 hr. in 2N-alkali at 100°. Again, solvent extraction gave no 
organic product, but by Coops’s process there was isolated a calcium salt which may have 
been impure calcium (hydroxymethyl)malonate. Further, «-trifluoromethylpropionic acid 
had lost 85% of its fluorine after 3 hr. in 2Nn-alkali at 100°, and in this case the 
organic product was the well-characterised methylmalonic acid. Hydrolysis under milder 
conditions (2N- or 5N-sodium hydroxide at room temperature) removed 20—70% of the 
fluorine but the product consisted of a mixture of the starting material and methylmalonic 
acid, and no fluorine-containing intermediate could be isolated. When two derivatives of 
a-trifluoromethylpropionic acid, namely, 2-trifluoromethylpropan-l-ol and 2-trifluoro- 
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methylpropylamine, were treated with alkali, no hydrolysis occurred, and they were 
recovered, in the case of the alcohol even after 4 hr. at 100° with 13N-potassium hydroxide. 

As is now well known, the trifluoromethyl group is normally very stable, though in 
certain compounds it has been found to be susceptible to hydrolysis. Thus, in many 
derivatives in which trifluoromethyl groups are carried on aromatic or heterocyclic rings, 
the fluorine is hydrolysed by hot strong acids (Swarts, Bull. Acad. roy. Belg., 1920, 6, 389; 
Rouche, 7bid., 1927, 18, 346; Le Fave, J]. Amer. Chem. Soc., 1949, 71, 4148; 1950, 72, 2464) 
though it is often stable to alkali under normal reaction conditions. However, if activating 
groups are present in a nucleus in positions ortho or para to a trifluoromethyl group, the 
latter may be attacked by alkali (Jones, idid., 1947, 69, 2346; Whalley, /., 1949, 3016). 
In the aliphatic series there are fewer reports of labile trifluoromethyl groups. Swarts 
(Bull. Acad. roy. Belg., 1922, 8, 331) stated, for example, that (triflaoromethyl)cyclohexane 
was more resistant to hydrolysis than was benzotrifluoride. Ruff and Willenberg (Ber., 
1940, 73, 724) reported hydrolysis by alkali of the fluorine in bistrifluoromethylamine, and 
Brandt, Emeléus, and Haszeldine (j., 1952, 2198) noted a similar effect with bistrifluoro- 
methy! disulphide. Henne, Smook, and Pelley (J. Amer. Chem. Soc., 1950, 72, 4756) 
described an interesting case of relative instability of a trifluoromethyl group which was 
linked directly to carbon. When studying the base-catalysed addition of alcohols to 
3:3: 3-trifluoropropene they found that, though some addition did occur, an extensive 
attack on the fluorinated cluster took place also, giving products such as 3-ethoxy-3 : 3- 
difluoropropene. Henne and Zimmerschied (ibid., 1947, 69, 281) found that hydrolysis 
caused loss of fluorine from ethy] $¢-difluorobutyrate. 

In the cases reported in this paper the trifluoromethyl group is remarkably labile 
towards aqueous alkali. The evidence so far available suggests that the group is activated 
when it is linked to one of the carbon atoms of an ethylenic double bond. The effect is 
probably enhanced when this carbon atom carries also a carboxyl group or some derived 
unsaturated function. If a generalisation can be made from the few examples that we 
have investigated, the even more surprising instability of the trifluoromethyl groups of 
saturated compounds arises when such groups are substituted, in a carboxylic acid, on an 
z-carbon atom which carries a hydrogen atom. In the case of 2-trifluoromethylpropanol, 
even the drastic conditions which cause dehydrofluorination of cyclic fluorohydrocarbons 
(Tatlow and Worthington, J., 1952, 1251) leave the alcohol unchanged, a remarkable 
difference of reactivity between the acid and alcohol. It is, of course, possible that base- 
catalysed addition of water to the olefinic compounds precedes hydrolysis of the 
CF, groups, and that the unstable species are all derivatives of @-hydroxy-z-trifluoro- 
methylpropionic acid. The hydrolysis of the CF, groups of the latter and also that of 
«-trifluoromethylpropionic acid could then be due to the loss, in alkali, of the a-hydrogen 
atom as a proton, the resultant carbonium anion forming an olefin (e.g., 8(-difluoro-a- 
hydroxymethylacrylic acid) by elimination of fluoride ion. By further addition and 
hydrolysis, degradation of the olefin could then proceed. 

An alternative explanation of the activation effect may be postulated. Contributors 
to the ground state of the unsaturated compounds may include resonance forms, such as (I), 
or hyperconjugated structures, of the type of (II), in which of course the polarity is 
opposite to that of hydrocarbon-type hyperconjugation forms. This, incidentally, may 
make hyperconjugation with carbony] and similar functions less likely with perfluoroalky] 
than with alkyl groups The carboxy] group or its anion may well be involved in such 

F-R 

(1) +F=C—C=CH, 

ib 
effects also; it should assist in the stabilisation of forms such as (II; R= CO,°>). 
Contributors of this type may explain the lability of the trifluoromethyl groups of the 
saturated derivatives also, if the ‘‘ enolic ’’ form of the carboxyl group, or its anion, is 
assumed to be involved. If hyperconjugation effects are involved, then reactivity towards 
alkali might be expected; the heterolytic «-methylenic reactions of hydrocarbon olefins 
may be explained thus (Baker, “ Hyperconjugation,’’ Oxford Univ. Press, 1952, p. 115). 
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It is now apparent that these activating effects, whatever their true nature, can exert very 
profound influences on some organic fluorine compounds, and can give rise to remark- 
able differences in reactivity. Haszeldine (J., 1952, 3490) has invoked resonance and 
hyperconjugation to explain some of the effects associated with addition reactions of 
trifluoromethy] olefins and acetylenes. 


EXPERIMENTAL 


1:1: 1-Tvifluoroacetone Cyanohydrin and its Acetate -——These compounds were prepared as 
described by Darrall, Smith, Stacey, and Tatlow (loc. cit.), the acetate (Found: C, 40-1; H, 
3-6; F, 31-5. Calc. for CgH,O,NF;: C, 39-8; H, 3-3; F, 31-5%) being obtained in yields of 
60—70%. 

The only product obtained by treatment of the cyanohydrin with 98 or 100% sulphuric acid, 
alone or containing flowers of sulphur, was «-hydroxy-«-trifluoromethylpropionamide (yields, 
ca. 50%), m. p. and mixed m. p. 144° (cf. Dickey, Joc. cit.). 

a-Hydroxy-a-trifluoromethylpropionic Acid and its Derivatives.—The acid, its methyl ester, 
and the acetate of the methyl ester (yield 91%) (Found: C, 39-1; H, 4:0; F, 26-8. Calc. for 
C,H,O,F,: C, 39-3; H, 4:2; F, 26-6%) were prepared as described previously. In an analogous 
way, ethyl «-hydroxy-«-trifluoromethylpropionate (conversion, 91%), b. p. 140—142°, np 
1-3577, was made from the acid, ethyl alcohol, and sulphuric acid. Acetylation of this ester 
gave the acetate (90%), b. p. 65—69°/26 mm., nf? 1-3669 (Found: C, 42-4; H, 5-1; F, 24-7. 
C,H,,0,F, requires C, 42-1; H, 4-9; #, 25-0%). 

An aqueous solution of the «-hydroxy-acid was neutralised with aqueous sodium hydroxide, 
p-phenylphenacyl bromide in an equal volume of ethyl alcohol was added, and the mixture was 
heated at 100° for 14 hr. The solution was filtered whilst hot, then allowed to cool, and the 
precipitate was filtered off and recrystallised from benzene-light petroleum (b. p. 80—100°), to 
give the p-phenylphenacyl ester (58%), m. p. 122° (Found: C, 61-1; H, 4:1; F, 16-0. 
C,,H,,;O0,F; requires C, 61-4; H, 4-3; F, 16-2%). 

a-Ivifluoromethylacrylonitrile—The pyrolysis apparatus comprised a Pyrex glass tube 
(60 cm. long, 3 cm. int. diam.), mounted vertically in an electrical furnace (heated section 
42 cm.), and carrying a dropping funnel and gas inlet at the top, and was connected to a series 
of cooled traps at the bottom. The tube was packed with pieces of Pyrex tubing (0-5— 
0-75 cm. long, 0-3 cm. ext. diam.) and was swept with a slow stream of nitrogen. 1:1: 1- 
Trifluoroacetone cyanohydrin acetate (102 g.) was passed at a steady rate during 2 hr. through 
the tube which was heated to 500° + 10°. The product (97 g.) was fractionated through a 
column (1l’) packed with Dixon gauze spirals. The main fraction was the colourless 
lachrymatory «-trifluoromethylacrylonitrile (42 g.), b. p. 75-9—76-2°/759 mm., nf 1-3239 
(Found: C, 39-7; H, 1-4; F, 46-39%; M, 118-5. C,H,NF, requires C, 39-7; H, 1-7; F, 47-1%; 
M, 121). Similar experiments gave yields of about 65%; neutralisation of the still-residues 
followed by extraction afforded a little of the unchanged acetate. 

Addition of Bromine to «-Trifluoromethylacrylonitrile-—The nitrile (1-00 g.) was added to 
bromine (1-3 g.) in carbon tetrachloride (5 c.c.) and after 24 hr. at 10—15° the solution, then 
almost colourless, was evaporated. Further distillation of the residue afforded 1 : 2-dibromo-2- 
cyano-3 : 3: 3-trifluoropropane (1-70 g.), b. p. 57—58°/20 mm., nj? 1-4372 (Found: C, 17:1; 
H, 0-6; F, 20-2. C,H,NBr,F; requires C, 17-1; H, 0-7; F, 20-3%). 

Addition of Hydrogen Chloride to «-Trifluoromethyiacrylonitrile.—(a) A solution of the nitrile 
(1-00 g.) in dry ether (25 c.c.) was saturated with dry hydrogen chloride at 0°. After 20 hr. at 
10—15° the solvent was distilled, a stream of dry air was passed through the residue for 10 min., 
and it was then distilled, to give 1-chloro-2-cyano-3 : 3 : 3-trifluoropropane (0-75 g.), b. p. 184— 
135°, nj} 1-3649 (Found: C, 30-4; H, 2-1; F, 36-3. C,H,NCIF, requires C, 30-5; H, 1-9; F, 
36:2%). 

(b) Dry ether (25 c.c.), containing the nitrile (2-00 g.) and methyl alcohol (1-0 c.c.), was 
saturated at 0° with hydrogen chloride, and after 44 hr. the volatile constituents were 
evaporated at 80°/15 mm. The residue was recrystallised from chloroform, to give f- 
chloro-a-trifluoromethylpropionamide (1-16 g.), m. p. 118° (Found: C, 27-4; H, 3-0; F, 32-5. 
C,H;ONCIF, requires C, 27:4; H, 2-9; F, 32-5%). 

a-Trifiuoromethylacrylamide.—«-Trifluoromethylacrylonitrile (5-00 g.) was added to con- 
centrated sulphuric acid (7-0 c.c.) which was stirred mechanically, a spontaneous reaction 
occurring. After being heated at 120—130° for 30 min. the mixture was cooled in ice, ice-water 
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(60 c.c.) was added, and the resulting precipitate was filtered off, washed, and dried. The 
filtrate was extracted exhaustively with ether, the extracts were washed, dried (MgSO,), and 
evaporated, and the residue and the original precipitate were combined and recrystallised from 
benzene, to give a-trifluoromethylacrylamide (3-82 g.), m. p. 104° (Found: C, 34-6; H, 2-6; F, 
41:2%; M, 142. C,H,ONF; requires C, 34-5; H, 2-9; F, 41:0%; M, 139). 

The amide reacted in the cold with neutral aqueous permanganate. Addition of hydrogen 
chloride as described for the nitrile [expt. (a)] gave $-chloro-«-trifluoromethylpropionamide 
(52%), m. p. 117°, undepressed in admixture with the specimen mentioned earlier (Found: C, 
27-6; H, 2-7%). 

Hydrogenation of «-Trifluoromethylacrylamide.—The amide (5-00 g.), ethyl alcohol (50 c.c.), 
and Raney nickel (ca. 1 g.) were shaken together mechanically in an atmosphere of hydrogen. 
After 3 hr., when the absorption was complete, the solution was filtered and evaporated. The 
residue (4-8 g., m. p. 138°) was recrystallised from benzene, to give a-trifluoromethylpropionamide 
(2-60 g.), m. p. 139-5° (Found: C, 34-2; H, 4:0; F, 40-4. C,H,ONF, requires C, 34-05; H, 
4:3; F, 40-4%). 

Addition of Water to a-Trifluoromethylacrylamide.—The amide (16-3 g.) was heated at 100° 
for $ hr. with concentrated sulphuric acid (2-7 c.c.) and water (95 c.c.). The solution was 
extracted exhaustively with ether, the extracts were dried (MgSO,), filtered, and evaporated, 
and the residue was washed with cold benzene. Two recrystallisations from benzene afforded 
6-hydroxy-a-trifluoromethylpropionamide (7-20 g.), m. p. 134° [depressed in admixture with the 
a-hydroxy-isomer (m. p. 144°)] (Found: C, 30-8; H, 3-7; F, 361%; M, 152. C,H,O,NF; 
requires C, 30-6; H, 3-8; F, 36-3%; M, 157). 

B-Hydroxy-a-trifluoromethylpropionic Acid.—(a) The hydroxy-amide (2-50 g.) was heated at 
120° for 5 hr. with a mixture of concentrated sulphuric acid (27-2 c.c.) and water (50 c.c.), and 
the solution was then extracted exhaustively with ether, the extracts were dried (MgSO,), 
filtered, and evaporated, and the residue was heated to ca. 60°/30 mm. to leave the 
crude hydroxy-acid (2-40 g.) as a colourless syrup. This was acidic and water-soluble but 
could not be crystallised from solvents. When the syrup was heated quickly to 120° and the 
pressure was reduced to 30 mm. a very small quantity of distillate was obtained, which solidified 
in the condenser to give hygroscopic crystals of the acid (Found: C, 30-5; H, 3-1. C,H,;O,;F; 
requires C, 30-4; H, 3:2%). Distillation ceased almost immediately however, and the still 
residue darkened, becoming more viscous and only partly soluble in water. 

The crude syrup (5-00 g.) in water was treated with freshly prepared silver carbonate (4-3 g.) 
in the usual way, to give, after recrystallisation from water, the silver salt (3-10 g.) (Found : 
Ag, 40°8. C,H,O,F,Ag requires Ag, 40-7%). 

This salt (0-80 g.) and p-phenylphenacyl bromide (0-83 g.) were refluxed in aqueous alcohol 
for 1 hr., the solution was filtered and evaporated, and the residue was recrystallised from 
benzene-light petroleum (b. p. 60—80°), to give the p-phenylphenacyl ester (0-61 g.), m. p. 91— 
92° (depressed in admixture with the ester from the «-hydroxy-acid) (Found: C, 61-3; H, 4:2; 
F, 15-8. C,gH,;04F; requires C, 61-4; H, 4-3; F, 16-2%). 

(6) «-Trifluoromethylacrylonitrile (11-1 g.) was added dropwise to concentrated sulphuric 
acid (17 c.c.) which was stirred mechanically, and, after 30 min. at 120—130°, water (30 c.c.) was 
added. After 5 hr. at 120° the solution was worked up as before, to give crude syrupy 
8-hydroxy-«-trifluoromethylpropionic acid (11-9 g.); a portion, after neutralisation with 
aqueous sodium hydroxide and treatment with p-phenylphenacyl bromide as usual, gave the 
p-phenylphenacyl ester, m. p. and mixed m. p. 90—91°. 

(c) 8-Chloro-«-trifluoromethylpropionamide (2-00 g.), water (50 c.c.), and concentrated 
sulphuric acid (27-2 c.c.) were refluxed together for 5 hr. Isolation as before gave a crude 
syrupy acid (1-80 g.) which contained no chlorine or nitrogen. Treatment as described 
previously afforded the silver salt (overall yield, 51%) (Found: Ag, 40-9%) and thence the 
p-phenylphenacy]l ester, m. p. and mixed m. p. 92°, depressed in admixture with the ester from 
the «-hydroxy-acid 

Methyl 8-Hydroxy-x-trifluoromethylpropionate.—Fluorosulphonic acid (1-0 c.c.), the syrupy 
hydroxy-acid (4-00 g.), and methyl alcohol (5-0 c.c.) were refluxed together for 15 min., the 
mixture was poured into ice-water (100 c.c.), and the organic layer was separated, dried (MgSQ,), 
filtered, and distilled to give the methyl ester (1-47 g.), b. p. 170—173° (Found: C, 34-6; H, 
4-1; F, 33-4. C;H,O,F, requires C, 34-9; H, 4-1; F, 33-1%). 

Treatment at 15° of an ethereal solution of the ester with ammonia gas failed to give the 
amide, the ester (639%) being recovered. 

Methyl B-Methoxy-«-trifluoromethylpropionate.—To a solution of the crude syrupy hydroxy- 
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acid (5-00 g.), in methyl iodide (50 c.c.) and acetone (5-0 c.c.), dry silver oxide (30 g.) was added 
gradually, a spontaneous reaction occurring. After being refluxed for 36 hr., the solution was 
filtered, the precipitate was washed with ether, and the solvents were distilled from the combined 
liquids. The residue was distilled further to give methyl -methoxy-x-trifluoromethylpropionate 
(1-80 g.), b. p. 1837—140° (Found: C, 39-0; H, 4:8. C,.H,O;F; requires C, 38-7; H, 4:9%). 

a-Tvifluoromethylacrylic Acid.—Syrupy $-hydroxy-«-trifluoromethylpropionic acid (5:06 g.) 
was mixed with phosphoric oxide (1-5 g.) (heat was generated), and the mixture was heated 
rapidly to 200—220°. The colourless distillate (4-1 g.; b. p. 140—166°) partly crystallised, and 
the liquid was decanted off, neutralised with dilute aqueous alkali, and extracted with ether. 
The aqueous phase was acidified and re-extracted, the second extracts being dried (MgSO,) and 
evaporated to leave more crystalline acid (ca. 0-2 g.). The combined crystalline fractions were 
a-trifluoromethylacrylic acid (2-63 g.), m. p. 50—52°, b. p. 146—148° (Found: C, 34-6; H, 2-0; 
F, 405%; equiv., 140. C,H,0O,F, requires C, 34:3; H, 2-2; F, 40-7%; equiv., 140). The 
equivalent was determined by titration with 0-05n-alkali, no fluoride ion being detected in the 
titration liquors. 

Addition of Hydrogen Chloride to the Unsaturated Acid.—Ether (25 c.c.) containing «-tri- 
fluoromethylacrylic acid (0-99 g.) was saturated at 0° with hydrogen chloride gas. After 16 hr. 
at 10—15° the solution was evaporated and the residue was distilled twice, to give B-chloro-a- 
trifluoromethylpropionic acid (1-12 g.), b. p. 169—170°, n} 1-3768 (Found: C, 37-6; H, 2-5; 
F, 32:5%; equiv., 174. C,H,O,CIF, requires C, 27:2; H, 2-3; F, 32-3%; equiv., 176-5). 

Hydrogenation of «-Trifluoromethylacrylic Acid.—The acid (0-275 g.), ether (20 c.c.), and 
Raney nickel (ca. 1 g.) were shaken in an atmosphere of hydrogen until absorption was complete. 
After filtration, and evaporation of the solvent, the residue was heated at 100° with phosphorus 
pentachloride (0-45 g.) for 1 hr. «-Trifluoromethylpropionyl chloride, b. p. 88—90°, was then 
distilled from the mixture, and was dissolved in ether (25 c.c.), ammonia gas being 
passed through the solution, which, after 1 hr., was washed with water, dried (MgSO,), filtered, 
and evaporated. The residue (0-145 g.; m. p. 138°) was recrystallised from benzene, to give 
«-trifluoromethylpropionamide (0-112 g.), m. p. 139-5°, alone and in admixture with the specimen 
described previously. 

a-Tvifluoromethylpropronic Acid.—The amide (3-58 g.) was heated at 120° for 5 hr. with 
concentrated sulphuric acid (27 c.c.) and water (50 c.c.), the solution was extracted exhaustively 
with ether, the extracts were dried (MgSO,), filtered, and evaporated, and the residue was 
distilled im vacuo, to give «-trifluoromethylpropionic acid (2-93 g.), b. p. 67°/25 mm., nj 1-3441 
(Found: C, 33-6; H, 3-8; F, 39-6%; equiv., 143. C,H,O,F, requires C, 33-8; H, 3-5; F, 
40-1%; equiv., 142). Fluoride ion could not be detected in the titration liquors. 

By treatment with silver carbonate the acid gave a silver salt (yield, 30% after recrystallis- 
ation from water) (Found: C, 19-6; H, 1:7; F, 23-1; Ag, 43-2. C,H,O,F,Ag requires C, 19-3; 
H, 1-6; F, 22-9; Ag, 43-3%). 

The acid (1-80 g.) was heated at 80—100° for 1 hr. with phosphorus pentachloride (2-8 g.). 
Distillation gave the acid chloride, b. p. 90—93°, to which was added ether (20 c.c.) followed by 
aniline (3-0 g.) in ether (10c.c.). After 45 min. the ethereal suspension was washed with dilute 
hydrochloric acid, then water, and was dried (MgSO,), filtered, and evaporated. The residue, 
after two recrystallisations from benzene-light petroleum (b. p. 60—80°), afforded the anilide 
(1-07 g.), m. p. 108-5—109° (Found: C, 55-0; H, 4:5; F, 25-8. C, 9H,,ONF; requires C, 55-3; 
H, 4:6; F, 26-2%). 

Methyl «-Trifluoromethylpropionate.—The acid (3-92 g.), methyl alcohol (10 c.c.), and fluoro- 
sulphonic acid (1 c.c.) were refluxed together for 15 min. and then poured into ice-water. The 
lower layer was taken up in ether, and the solution was washed with sodium hydrogen carbonate, 
then water, dried (MgSO,), and distilled. After removal of the ether there was obtained the 
ester (2°32 g.), b. p. 101—102°, nf 1-3370 (Found: C, 38:1; H, 4:5; F, 35-9. C;H,O,F, 
requires C, 38-5; H, 4:5; F, 36-5%). 

Treatment at 10—15° of the ester, in ether, with ammonia gas failed to give the amide, the 
ester being recovered. 

The ester (1-00 g.) was heated at 100° for 5 hr. with sulphuric acid (5-5 c.c.) and 
water (40 c.c.), mechanical stirring being applied. Exhaustive ether-extraction, followed by 
evaporation of the extract and distillation of the residue, gave the acid (0-474 g.), b. p. 
65° /25 mm. 

Methyl «-Trifinoromethylacrylate—Methyl «-acetoxy-x-trifluoromethylpropionate (102-5 g.) 
was pyrolysed at 500° + 10° during 2 hr. as described for the nitrile. The product was poured 
into water, and the organic layer was separated, and the aqueous layer was neutralised with 
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sodium hydrogen carbonate and extracted several times with ether. The combined organic 
layers were washed with sodium hydrogen carbonate solution, then with water, dried (MgSO,), 
filtered, and distilled through a 1’ column. The main fraction was a colourless lachrymatory 
liquid, methyl «-trifluoromethylacrylate (32-1 g.), b. p. 103-8—105°, n7? 1-3528 (Found: C, 39-5; 
H, 3-5; F, 37-1%; M, 149. C,H,O,F, requires C, 39-0; H, 3-3; F, 37:0%; M, 154). 
Material having b. p. 105—158° (21-3 g.), which was a mixture of product and starting material, 
was combined with similar residues and recycled. 

After being stored the ester left a residue upon distillation; this dissolved in dioxan and was 
precipitated by ethyl alcohol as a white solid, m. p. 100—200°. 

Pyrolysis of ethyl «-acetoxy-«-trifluoromethylpropionate gave no definite products. 

Addition of Bromine to the Unsaturated Estey —Treatment with bromine in chloroform 
followed by distillation afforded methyl «8-dibromo-a-trifluoromethylpropionate (71%), b. p. 
89—90°/32 mm., v3? 1-4461 (Found: C, 19-2; H, 1:7; F, 18-6. C,;H,O,Br,F, requires C, 19-1; 
H, 1-6; F, 18-2%), a colourless lachrymatory liquid. 

Addition of Hydrogen Chlovide.—Methyl1 «-trifluoromethylacrylate (2-00 g.), after 14 hr. in 
ether saturated with dry hydrogen chloride, afforded, on distillation, methyl B-chloro-«-trifluoro- 
methylpropionate (1-83 g.), b. p. 126—130°, nj? 1-3690 (Found: C, 31-4; H, 3-3; F, 29-6. 
C5H,O,CIF;, requires C, 31-5; H, 3-2; F, 29-9%). 

Hydrogenation of Methyl «-Trifluoromethylacrylate.—The ester (5-00 g.), ether (40 c.c.), and 
Raney nickel (ca. 1 g.) were shaken together in an atmosphere of hydrogen until absorption was 
complete (ca. 90 min.), the solution was filtered, the ether was evaporated off, and the residue 
was distilled, to give methyl «-trifluoromethylpropionate (4-00 g.), b. p. 100—102°, n® 1.3370 
(Found: C, 38-7; H, 4:6; F, 35-6%; M, 147). The ester was recovered after being kept for 
5 days at 10—15° in ether saturated with dry ammonia. 

Treatment with mineral acid, as described for the sample mentioned previously, gave «-tri- 
fluoromethylpropionic acid (60%), b. p. 70°/30 mm., nf 1-3444 (Found: C, 34-4; H, 3-5%; 
equiv., 140), which was converted into the amide (45%), m. p. and mixed m. p. 139-5°, and the 
anilide (44%), m. p. and mixed m. p. 107° (Found: C, 55-0; H, 4:4; F, 25-9%). 

2-Tvifluoromethylpropan-1-ol.—Methy] «-trifluoromethylpropionate (7-85 g.) in ether (10 c.c.) 
was added gradually to a mechanically stirred suspension of lithium aluminium hydride (2-3 g.) 
in ether (75 c.c.), heat being generated. After 2 hr.’ refluxing following the addition, the 
mixture was cooled to 0°, and water was added carefully and then concentrated sulphuric acid 
(5 c.c.). The ethereal layer was separated, further extractions of the aqueous phase were 
carried out, the combined ethereal layers were dried (MgSO,) and filtered, and the ether was 
distilled. The residue was distilled, to give 2-trifluoromethylpropan-1-ol (6-14 g.), b. p. 108-5— 
109-5°, ni? 1-3399 (Found: C, 37-4; H, 5-2; F, 44-0. C,H,OF, requires C, 375; H, 5-5; F, 
44-5%). Treatment of the alcohol with 3 : 5-dinitrobenzoyl chloride in the usual way gave the 
3: 5-dinitrobenzoate, m. p. 82:5—83-5° [from light petroleum (b. p. 40—60°)] (Found: C, 40-9; 
H, 2-5; F, 17-7. (©@,,H,O,N,F; requires C, 41-0; H, 2-8; F, 17-7%). 

2-Trifluoromethylpropylamine.—A mechanically stirred suspension of lithium aluminium 
hydride (5-0 g.) in ether (200 c.c.) was warmed so that the refluxing ether returned via a Soxhlet 
thimble which contained «-trifluoromethylpropionamide (4:77 g.). After 7 hr. the amide had 
all been carried into the flask, and, after 16 hr. at 10—15°, the mixture was cooled to 0° and 
water was added cautiously, followed by 2N-sodium hydroxide (20 c.c.). The ethereal layer 
was separated, the aqueous phase and the precipitate were ether-extracted, the combined 
layers were dried (MgSO,) and filtered, and the ether was distilled, Distillation of the residue 
gave the crude amine (0-92 g.), b. p. 50—110°. From one portion, by treatment with benzoyl 
chloride-sodium hydroxide, the N-benzoyl derivative was obtained, m. p. 80-5—81-5° [yield 
50% after recrystallisation from aqueous alcohol and then from light petroleum (b, p, 60— 
80°)] (Found; C, 57-5; H, 54. C,,H,,ONFs, requires C, 57-1; H, 5-2%). Dry hydrogen 
chloride was passed through a second portion of the crude amine in ether, the precipitate, after 
recrystallisation from ethyl alcohol—benzene, giving the amine hydrochloride (30%), m. p. 266° 
(subliming above 200°) (Found: C, 29-6; H, 5-7; F, 34:9. C,H,NCIF, requires C, 29-4; H, 
5-55; F, 34-85%). 

Action of Aqueous Alkali on Various Compounds.—Each compound was treated with aqueous 
sodium hydroxide (or water) under the conditions described, an aliquot portion of the aqueous 
phase being analysed for fluoride ion by the method of Belcher, Caldas, Clark, and Macdonald 
(loc. cit.). In the cases of the unsaturated nitrile and ester a blank determination was carried 
out on water which had been shaken with the compound for a few minutes at 15°. The 
hydrolysis products were isolated by acidification and extraction of the total aqueous phases 
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Treatment of «-trifluoromethyl-acrylic and -propionic derivatives with aqueous alkali. 


Reaction conditions 


ee. Pannen SSS ee ee 
Vol. Concn. _ Product 
of aq. of Fluorine 
, soln. NaOH Time removed 
‘Formula (g.) (c.c.) (hr.) Temp. (%) Formula 
CH,:C(CF,)°CN —.z.. 002.2. 0-532 100 97 = 
seseeee 0804 10-0 : 5:5 _— 
CH,.C(C F *,)°CO» NH,.. 0-394 10-0 92 
0-563 10-0 CH,:C(CF 3)°CO: NH, 
CH,:C(CF,)*CO,Me 0-407 10-0 
= 0-804 10-0 
CH vC(CFs )-CO,H 0-155 =10-0 
0-151 10-0 15 a= 
Me-CH(CF,)-CO,H 0-484 10-0 85 HO,C-CHMe-CO,H 
0-474 10-0 27 Mixture 
0-484 10-0 66 Me 
me 0-494 3-0 23 is 
Me-C(OH)(CF;)*CO, 0-465 10-0 0  Me-C(OH)(CF. 
Pe 0-473 10-0 0 
Me-CH(CF;)*CH,-OH 0-516 10-0 0 Me-CH(CF,)-CH,"OH 
0-508 10-0 0 ia 
0-953 10-0 0 oe 
0-503 8-0 0 
my *-NH,+Cl~ 0-291 10-0 0 Me: CH(CF 3)*CH,-NH, 
100 — 


Test compound 


to 4 


CH,:C(CF,)*CO,Me 


to | to | bo 


” 


Crbo bo 
a 
bos 


” 


co 
on 


2 bo oubo 


” 


or 


” 


Me-CH(CF 


t 
Wm WR Dw 


bo Or we 


4) 
HO-CH,:CI H(CF z3)*COs H ... 0-610 10-0 


I. No organic product was isolated. 

II. Two recrystallisations of the crude product (0-470 g., m. p. 98—100°) from benzene gave the 
unchanged amide (0-250 g.), m. p. and mixed m. p. 103°. 

III. The recovered ester (0-200 g.) had b. p. 103—105°, n7? 1-3545. 

IV. The crude product (0-334 g.; m. p. 127—129°), after recrystallisation from ethy] acetate— 
light petroleum (b. p. 60—80°), afforded methylmalonic acid (0-250 g.), m. p. 132° (Found: C, 40-3; 
H, 4:9%; equiv., 58. Calc. for C,H,O,: C, 40-7; H, 5:1%; equiv., 59). In admixture with a 
specimen (m. p. 133°) prepared by treatment of sodiomalonic ester with methyl iodide the m. p. was 
132—133°. 

V. The semi-solid product was washed with light petroleum (b. p. 40—60°). The solid, treated 
as above, gave methylmalonic acid (0-047 g.), m. p. and mixed m. p. 133°. The liquid and washings, 
treated with silver carbonate as before, afforded silver «-trifluoromethylpropionate (0-392 g.). 

VI. The semi-solid residue gave methylmalonic acid (0-090 g.), m. p. and mixed m. p. 133°. 

VII. The product was distilled, to give a-trifluoromethylpropionic acid (0-255 g.), b. p. 60°/30 mm. 
(Found: equiv., 147). The residue afforded methylmalonic acid (0-006 g.), m. p. msg mixed m. p. 
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VIII. Sublimation gave the starting material, from (a), 0-221 g., m. p. and mixed m. p. 86—87°; 
and from (b), 0-363 g., m. p. and mixed m. p. 88°. 

IX. Distillation afforded the unchanged alcohol, from (a), 0-428 g., b. p. 108—109°, 7? 1-3416; 
from (b), 0-241 g., b. p. 108—109-5°, n?? 1-3399; from (c) 0-616 g., b. p. 108—109-5°, n7? 1- 3399; and 
from (d), 0-210 g., b. p. 108—109°, wise 1- 3422. Material recovered in expt. (c) gave the 3 : 5-dinitro- 
benzoate, m. p. “and mixed m. p. 82- + ee 83-5°. Potassium hydroxide was used in expt. (d). 

X. The amine, after isolation as the hydrochloride (0-210 g.), gave the N-benzoyl derivative 
(0-115 g.), m. p. and mixed m. p. 82—83°. 


with ether, and washing, drying (MgSO,), and evaporation of the extracts. The complete 
results are given in the Table, the amount of fluoride ion in the aqueous phase (fluorine removed) 
being expressed as a percentage of the weight of fluorine contained in the compound under 
test. 

The authors thank the Department of Scientific and Industrial Research for an award to 
one of them (M. W. B.) and Miss E. Fowler for carrying out the carbon, hydrogen, and fluorine 
determinations. 
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Synthesis of Some Carboxybutenolide Derivatives. 
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The Reformatsky reaction between ethyl «-acetoxyacetoacetate and ethyl 
a-bromopropionate, followed by mild alkaline hydrolysis, yielded 4-carboxy- 
4-hydroxy-2 : 3-dimethylbut-2-enoic lactone* (X; R = CO,H). (-+)-Anhy- 
dromonocrotalic acid (XII; R = CO,H) has been synthesised by an analogous 
route. The infra-red and ultra-violet absorption spectra of these carboxy- 
lactones and various derivatives are discussed. 


For another investigation it became necessary to synthesise 4-carbamy]-4-hydroxy-2 : 3- 
dimethylbut-2-enoic lactone * (I; R = H). Compounds of this type have not been syn- 
thesised previously although an anhydromonocrotalamide (I; R = Me) has been prepared 
from (+-)-methyl anhydromonocrotalate, a degradation product of the alkaloid mono- 
crotaline (Adams and Wilkinson, J. Amer. Chem. Soc., 1943, 65, 2203; cf. Adams and 
Govindachari, 1bid., 1950, 72, 158). 


Me-C——C-Me Me-CH—CHMeCOCL Ha Me-CH—CHMe-CHO 
\_ARCONH, CO,Me Pd O,Me 
re) (1) (II) (III) 


Oc 


Bry; == Me-C=CMe‘CHO HCN; Me-C===C-Me 
Thipe CO,Me <"v. n: CN 
(IV) (V) 


One route envisaged was based upon Rosenmund reduction of «$-dimethylsuccinic 
half-ester chloride (II) to the aldehyde (III). Bromination followed by dehydrobromin- 
ation to (IV) and then lactonisation of the derived cyanohydrin were expected to give (V), 
the nitrile corresponding to the required amide. The Rosenmund reduction of (II) gave 
(III) in 50% yield; the product apparently contained both diastereoisomers, even when a 
single isomer of methyl hydrogen «$-dimethylsuccinate was used as starting material, for 
the derived 2 : 4-dinitrophenylhydrazone was evidently a mixture although the elementary 
analysis was satisfactory. One of the isomeric dinitrophenylhydrazones was isolated by 
fractional crystallisation. Attempts to brominate the aldehydic ester (III) were unsuc- 
cessful, and this approach to the problem was therefore abandoned. 

The following alternative synthesis was also examined : 


Me-CO-CH-CO,Et Zn- sg Me-CH a ¢Me-OH Mok La 
. 


Ac CHMeBr-CO,Et _ CO,Et CH-OAc Oo H-CO,Et 
(O,Et (VI) (VII) 


the Reformatsky reaction between ethyl «-bromopropionate and ethyl «-acetoxyaceto- 
acetate in benzene gave an impure product, presumably containing the $-hydroxy-ester (VI) 
or the corresponding lactone, since light absorption at ca. 2200 A was of low intensity. 
Attempts to isolate a pure product by fractional distillation were unsuccessful, and de- 
hydration of the crude product in benzene with phosphoric oxide yielded complex mixtures. 

The use of boiling xylene as solvent for the Reformatsky reaction resulted in simul- 
taneous dehydration and lactonisation of the intermediate (VI). Three modes of dehydr- 
ation of the latter are formally possible giving, after lactonisation, (VII), (VIII), or (LX) ; 
the crude ester, which boiled over a wide temperature range, may have contained all three. 
The light absorption data showed that (IX), which alone contains no conjugated chromo- 
phore, could not be a major component. Repeated fractional distillation of the crude 
material resulted in extensive decomposition and a pure ester could not be isolated. The 
conversion of the ester into a crystalline amide by treatment with aqueous, ethanolic, 
ethereal, and liquid ammonia was investigated without success. 

The ester did, however, react with anilinomagnesium bromide to give a crystalline 


* Geneva nomenclature, CO,H = 1. 
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anilide which probably contained an «f-unsaturated lactone grouping since the light 
absorption showed a maximum at 2200 A (e 13,800) (see Table 2), and this was subsequently 
shown to have structure (X; R= CO-NHPh). The use of an aminomagnesium halide in 
an analogous manner, however, failed to yield the required amide (cf. Oddo and Calderaro, 
Gazzetta, 1923, 538, 64). 

On partial hydrolysis of the crude ester by ca. 0-05N-sodium hydroxide in aqueous 
ethanol (1 hr. at room temperature), one mol. of alkali was consumed, and a crystalline 
acid (yield about 30%), but no other crystalline product, was obtained, Elementary 
analysis of this acid indicated the formula, C;H,O,, which proved that the ethoxycarbonyl 
group, not the lactone ring, had been hydrolysed. The light absorption properties (Table 
2) excluded the structure corresponding to the ester (IX). «@-Unsaturated esters are 
known to be more resistant to hydrolysis than the (y-isomers (Kon and Linstead, /., 1929, 
1274) and hydrolysis of the ethoxycarbony] group in (VII) would be expected, whereas in 


Me-CH——C-Me | MeCH—C:CH, Me-C====(-Me MeCH——CHMe Me-C-==(-Me 

OC. £LCO,Et OC. H-CO,Et OC. CHR OG CHR OC.  CMeR 
No” \o% No’ \o” a 
(VIII) (IX) (X) (XI) (XII) 


the case of (VIII) the lactone ring would more probably be attacked, giving a ketone, since 
(VIII) is derived from an enol. Moreover, hydrogenation of the acid led to the formation 
of the corresponding saturated lactonic acid (XI; R = CO,H) and this behaviour is charac- 
teristic of «$-unsaturated lactones whereas lactones derived from enolised keto-acids 
undergo hydrogenolysis to deoxy-acids (Jacobs and Scott, /. Biol. Chem., 1930, 87, 601; 
Elvidge, Linstead, Orkin, Sims, Baer, and Pattison, J]., 1950, 2228). The crystalline acid 
must therefore be 4-carboxy-4-hydroxy-2 : 3-dimethylbut-2-enoic lactone (X; R = CO,H). 
This «-hydroxy-acid structure is consistent with its strongly acidic properties (pK, 2-58). 
It was unexpectedly found that this acid was decarboxylated rapidly at the melting point 
(105°) to give the lactone (X; R = H) which was also obtained from the crude lactonic 
ester by treatment with hydrogen bromide in acetic acid. 

With oxalyl chloride in benzene (X; R = CO,H) gave the acid chloride whence the 
required amide was prepared by use of ethereal ammonia. The anilide, previously ob- 
tained from the crude lactonic ester, was proved to be (X; R = CO*NHPh) by its 
preparation from the acid chloride. 

The lactonic acids (X and XI; R = CO,H) were esterified by diazomethane, so that the 
partial hydrolysis of these esters and of the lactones (X and XI; R = H) could be ex- 
amined. Under the conditions of hydrolysis employed in the case of the crude Reformatsky 
reaction product (viz., N/20-alkali in aqueous ethanol), the methoxycarbonyl groups and 
saturated lactone rings were rapidly hydrolysed whereas the unsaturated lactone groups 
were unaffected. These results are in accord with Tommila and Ilomaki’s finding (Acta 
Chem. Scand., 1952, 6, 1249) that y-valerolactone is rapidly hydrolysed by cold dilute alkali, 
the rate of hydrolysis being of the same order as that of carboxylic esters. 

Adams and Wilkinson (loc. cit.) obtained (+)-anhydromonocrotalic acid (4-carboxy-4- 
hydroxy-2 : 3 : 4-trimethylbut-2-enoic lactone) from monocrotaline. We have now syn- 
thesised the (+)-acid by Reformatsky reaction between ethy! «-bromopropionate and 
ethyl «-acetoxy-«-methylacetoacetate and partial hydrolysis of the resulting (XII; 
R = CO,Et). Attempts to hydrogenate the acid at atmospheric pressure were unsuccessful 
(cf. Adams, Rogers, and Long, J. Amer. Chem. Soc., 1939, 61, 2823). 

The infra-red spectra of saturated and unsaturated lactones have been investigated by a 
number of workers (Grove and Willis, /., 1951, 877, and references cited therein; Pinder, /., 
1952, 2238). In lactones containing a five-membered saturated ring, the C—O absorption 
band occurs at about 1770 cm."'. and a shift of ca. 20 cm.~! to lower frequencies is produced 
by «@-unsaturation. These effects are observed in the spectra of the carboxy-lactone 
derivatives described above, despite the fact that the substituents include highly polar 
groups. In passing from the lactones of type (XI) to these of type (X), there is a shift of 
9—31 cm." to lower frequencies for pairs of compounds containing the same substituents 
(see Table 1). The spectra of the (+)-anhydromonocrotalic acid derivatives are very 
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similar to those of (X; R = CO,H) but the saturated compounds of this series are not 
available for comparison. 

Measurements of the ultra-violet absorption spectra of the unsaturated lactones con- 
firmed the nature of the chromophoric system and also disclosed an unusually large solvent 
effect on the spectra of the amides (X and XII; R = CO-NH,). For the former an aqueous 


TABLE 1. Lactone C—O absorption frequenctes (cm.-). 
Frequency Frequency 
R (XI) (Sat.) (X) (Unsat.) Shift (XII) 
aaa 1776? 


CONSE | 1761 15 sa 
rane: IN OP FE 1767 ¢ 1758 ¢ 9 1758 4 
CR iiss vena bcvcaoiiiens 1789 ° 1773 ° 16 1764 ° 
elles 1789 ¢ * 1758 ¢ 31 17614 
COPIER welnccceccrasntess 1776 4 17644 12 17544 


* Lactone and ester bands not resolved. * Nujol mull. ° Liquid film. 


solution showed a maximum at 2240 A (< 8900) which was shifted to 2130 A (< 9300) for a 
solution in 96% ethanol. Aqueous-ethanolic solutions showed maxima or inflections at 
both wave-lengths but no isosbestic point was observed. (-+-)-Anhydromonocrotalamide 
gave very similar results, and the acid (X; R= CO,H) showed a smaller shift (ca. 30 A). 
These results appear to be due to some form of association, probably with water rather than 
ethanol since, for the latter solvent, these spectra closely resemble those of the related 
compounds (Table 2), It seems unlikely that this effect can be due to excessive absorption 
by the solvent, as in a case investigated by Vandenbelt, Henrich, and Bash (Science, 1951, 
114, 576) because the maximum at longer wave-length is observed for a solution in the 
solvent which shows the lower absorption, namely, water. The possibility of chemical 
change on treatment with water has been excluded by crystallisation of (--)-anhydromono- 
crotalamide from water without change. 


TABLE 2. Absorption spectra of unsaturated lactones. 
(X) 
Solvent ‘Amex. (A) 
Tel pepdasavstestianeixuesais revves eee 2130 13,400 — 
COMI trite se cece need ae ee 2250 8,200 2 9,300 
‘ 2280 9,800 226 9,300 
COIS sis iivaslcaccaessscsciccees Seen NOT 2150 12,100 : 11,700 


COPE, « dcvincceccseiedgaicicedts + OE 6%) 2130 9,300 2105 8,500 
6,600 

H,O 2240 8,900 25 9,000 

COSTER = ccccsosgeccccsccseves, PVCIOMERANG 2200 13,800 22 14,800 
2410 14,600 2 14,300 


* Inflection. 


EXPERIMENTAL 

Ethyl Butane-2 ; 2 : 3-tricarboxylate-—Ethyl methylmalonate (218 g.) and ethyl «-bromo- 
propionate (228 g.) were added successively to sodium ethoxide solution (from 29 g, of sodium 
and 500 c.c. ofethanol). After 2 hours’ refluxing, excess of dilute sulphuric acid was added and 
the product isolated with ethyl acetate in the usual manner. The yield of material, b. p. 
106—110°/1 mm,, was 180 g. 

6-Methoxycarbonyl-a8-dimethylpropionyl Chlovide.—The foregoing triester (180 g.) was 
refluxed with concentrated hydrochloric acid (600 c,c.) until it had completely dissolved (20 
hr.) and the solution was evaporated to dryness, finally under reduced pressure. Acetic 
anhydride (300 c.c.) was added to the residue, and the mixture distilled until all acetic acid had 
been removed; more acetic anhydride (150 c.c.) was then added and the solution refluxed for 
30 min. After evaporation under reduced pressure the residual «8-dimethylsuccinic anhydride 
(mixed isomers) was refluxed with methanol (80 c.c.) for l hr. Evaporation furnished the crude 
half-ester which was warmed at 35—40° with thiony] chloride (80 c.c,) until gas evolution ceased 
(cf. Ruggli and Maeder, Helv. Chim. Acta, 1942, 25, 936; 1943, 26, 1476). Excess of thionyl 
chloride was removed at 40°/10 mm. and the ester-chloride then distilled as a colourless, mobile 
oil, b. p. 58-—60°/1-5 mm. (Found : Cl, 19-6. C,H,,O,Cl requires Cl, 19-9%). 
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Methyl 8-Formyl-a«B-dimethylpropionate.—(a) Xylene was desulphurised by treatment with 
sodium hydroxide solution and Raney nickel alloy, washed with water, and distilled. The 
foregoing acid chloride (57 g.) in xylene (180 c.c.) was stirred with palladised barium sulphate 
(8 g.; 5% Pd) at 110° (bath) while a stream of hydrogen was passed through. The reaction was 
stopped when 85% of the calculated quantity of hydrogen chloride had been evolved in 4} hr. 
Barium carbonate was added and the filtered solution was then fractionated through a short 
Fenske column, the crude product being collected at 40—44°/0-4—0-8 mm. Refractionation 
furnished the aldehyde (22 g., 50%) as a colourless oil, b. p. 50—53°/0-5 mm., 7? 1-4321 (Found: 
C, 58-1; H, 8-8. C,H,,O, requires C, 58-3; H, 8-4%). 

This product apparently contained both eyythro- and threo-isomers for it furnished mixed 
2 : 4-dinitrophenylhydrazones, m. p. 85—100° (Found: C, 48-1; H, 5-3; N, 17-7. C,3;H,,O,N, 
requires C, 48-1; H, 5-0; N, 17-3%). Repeated recrystallisations from methanol, ethanol, and 
ethyl acetate—light petroleum (b. p. 60—80°) yielded yellow plates of one isomer, m. p. 124—125° 
(Found: C, 47-9; H, 4:9; N, 16-8%). 

(b) Methyl hydrogen «8-dimethylsuccinate (54 g.; isomer melting at 38°; Bone, Sudborough, 
and Sprankling, J., 1904, 85, 545) was warmed with thionyl chloride (50 c.c.) until reaction 
ceased. Distillation of the mixture yielded the ester-chloride (48 g.) as a colourless oil, b. p. 
62—64°/2 mm. (Found: Cl, 19-4%). Reduction as in (a) yielded the ester-aldehyde which 
again contained both isomers (derived 2 : 4-dinitrophenylhydrazone, m. p. 85—100°) (Found: 
C, 48-1; H, 4-9; N, 16-6%). 

Ethyl «-Acetoxyacetoacetate.—The following procedure was found convenient for the prepar- 
ation of considerable quantities of this ester (cf. Dimroth and Schweizer, Ber., 1923, 56, 1380). 
A mixture of glacial acetic acid (1100 c.c.), acetic anhydride (280 c.c.), and ethyl acetoacetate 
(195 g.) was stirred at 70° and red lead (600 g.) added at such a rate that the temperature 
remained at 70—80°. After a further hour’s stirring the mixture was poured into water (31.), 
and the separated aqueous layer extracted four times with benzene-ethyl acetate (1:1). The 
combined organic layers were washed with water and dried (MgSO,). Fractional distillation 
through a short Fenske column furnished ethyl «-acetoxyacetoacetate (180 g., 28%) as a pale 
yellow oil, b. p. 80—85°/0-6 mm., n#? 1-4299. 

Reformatsky Reaction between Ethyl Acetoxyacetoacetate and Ethyl a-Bromopropionate.— 
(a) In benzene. Zinc wool was washed successively with dilute alkaline and acid solutions, 
water, ethanol, and acetone and then dried at 100°. After the zinc (40 g.) and “‘ AnalaR’”’ 
benzene (500 c.c.) had deen dried azeotropically, the mixed esters (76 g. of each) were added and 
reaction was initiated by means of iodine and methylmagnesium iodide. The mixture was 
refluxed for 6 hr. and poured into N-hydrochloric acid (1 1.), the product being isolated with 
ethyl acetate in the usual manner. Distillation yielded unchanged starting material and then 
a crude product (28 g.), b. p. 90—143°/0-6 mm., n?? 1-4487, light absorption: max. (in EtOH) 
at 2230 A (E!%, 37) (Found: C, 55-1; H, 6-4%). 

(b) In xylene. Xylene (1200 c.c.; purified as described above) was added to zinc (150 g.), 
and remaining traces of water were removed by distillation. A portion of a mixture of ethyl 
a-acetoxyacetoacetate (227 g.) and ethyl «-bromopropionate (206 g.) was added together with a 
crystal of iodine. The mass was then refluxed (bath, 160°) for 8 hr., the remainder of the mixed 
esters being added gradually during the first 2—3 hr. No vigorous reaction occurred but most of 
the zinc eventually dissolved and a red-brown gum was deposited. This was dissolved by 
addition of hydrochloric acid (700 c.c.; 2N) and ethyl acetate; the separated aqueous layer 
was extracted twice with ethyl acetate, and the combined organic layers were washed with water 
and dried (MgSO,). Fractional distillation through a short Fenske column yielded the crude 
ethyl estey (42 g.) as a yellow oil, b. p. 100—130°/1—1-5 mm., nu? 1-4721. Light absorption : 
max. at 2130 A (e 8100) (Found: C, 59-0; H, 6-8. C,H,,O, requires C, 58-7; H, 6-6%). 

4-Carboxy-4-hydroxy-2 : 3-dimethylbut-2-enoic Lactone.—The foregoing lactonic ester (20 g.) 
in ethanol (200 c.c.) was treated with 0-1N-sodium hydroxide solution (1400 c.c.). After 1 hr. 
at room temperature, the mixture was acidified with hydrochloric acid (80 c.c.; 2N) and ex- 
tracted six times with ethyl acetate. The combined extracts were washed twice with water and 
evaporated in vacuo (bath <30°). Trituration of the residual gum with benzene gave crystal- 
line material (5-3 g.), m. p. 102—104°. The lactone-acid separated from benzene in colourless 
plates, m. p. 103—104° (with decarboxylation) (Found: C, 53-8; H, 51%; equiv., 156. 
C,H,O, requires C, 53-8; H, 5-2%; equiv., 156). Infra-red spectrum (Nujol mull) : max. at 
2747, 2703, 2611, 1758, 1724, 1664, 1522, 1409, 1391, 1335, 1314, 1269, 1205, 1174, 1111, 1067, 
980, 935, 902, 888, 812, 763, and 732 cm.7. 

4-Hydvoxy-2 : 3-dimethylbut-2-enoic Lactone.—(a) A solution of the lactonic ester (6 g.) in 
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hydrogen bromide-acetic acid (60 c.c.; 25% w/v) was kept at room temperature for 20 hr. and 
then refluxed (bath-temperature rising from 80° to 100° during 2 hr. and then kept at 100° for 
4hr.). After removal of hydrogen bromide and acetic acid under reduced pressure, the residue 
was distilled, to give a pale yellow oil (2-5 g.), b. p. 70—75°/0-5 mm., nP 1-4813, which partially 
crystallised. Redistillation through a short Vigreux column afforded an almost colourless oil, 
b. p. 68—71°/0-5 mm., which crystallised in large plates. The solid was washed with benzene— 
light petroleum (b. p. 60—80°) and then recrystallised from the same solvent mixture. The 
lactone separated in large plates, m. p. 33—34° (Found: C, 64:3; H, 7-2; C-Me, 16-9. C,H,O, 
requires C, 64:3; H, 7-2; 2C-Me, 26-8%). Infra-red spectrum (liquid film): max. at 2967, 
1761, 1686, 1522, 1449, 1393, 1374, 1330, 1205, 1083, 1035, 890, and 760 cm.-. 

(b) 4-Carboxy-4-hydroxy-2 : 3-dimethylbut-2-enoic lactone (1-05 g.) was heated (bath, 115°) 
until decarboxylation ceased and the residue was then distilled, to give the colourless lactone 
(0-65 g.), b. p. 73—75°/1 mm., m. p. 32—33° undepressed by admixture with the sample from (a). 

4-Methoxycarbonyl-4-hydroxy-2 : 3-dimethylbut-2-enoic Lactone-—An ethereal solution of 
diazomethane was gradually added to the lactonic acid (1-0 g.) in ether (20 c.c.) until the vigorous 
reaction ceased and the yellow colour just persisted. Glacial acetic acid was immediately added 
to destroy the excess of diazomethane, and the solution was washed with sodium hydrogen 
carbonate solution and water, dried (MgSO,), and evaporated in vacuo. Distillation of the 
residue furnished the methyl ester (0-9 g.) as a colourless oil, b. p. 123—125°/2 mm., n}? 1-4758 
(Found: C, 56-8; H, 6-2. C,H,,O, requires C, 56-5; H, 5-9%). Infra-red spectrum (liquid 
film): max. at 3584, 3003, 1773, 1684, 1441, 1391, 1339, 1325, 1285, 1214, 1174, 1135, 1094, 
1065, 1018, 956, 924, 862, 804, 770, and 751 cm.*}. 

4-Carbamyl-4-hydroxy-2 : 3-dimethylbut-2-enoic Lactone.—The foregoing lactonic acid (0-45 g.), 
suspended in benzene (20 c.c.), was treated with oxalyl chloride (6 c.c.), and the mixture warmed 
(bath, 60—70°) until all the solid had dissolved. After evaporation under reduced pressure, 
more benzene was added and the solution again evaporated to remove all oxalyl chloride. The 
resulting crude acid chloride was dissolved in benzene (20 c.c.) and mixed with saturated ethereal 
ammonia (25 c.c.). When the filtered solution was concertrated to small volume the crude 
product (0-25 g.), m. p. 85—95°, separated. Recrystallisation from benzene gave fine, colourless 
needles (0-13 g.) of the carbamyl-lactone, m. p. 139—140° (Found: C, 54-5; H, 5-9; N, 9-1; 
C-Me, 18-0. C,H,O,N requires C, 54:2; H, 5-9; N, 9-0; 2C-Me, 19-4%). Infra-red spectrum 
(Nujol mull) : max at 3436, 3300, 1758, 1689, 1623, 1407, 1330, 1302, 1271, 1183, 1101, 1047, 
894, and 762 cm.7}. 

4-Hydroxy-2 : 3-dimethyl-4-phenylcarbamylbut-2-enoic Lactone.—(a) Aniline (8 g.) and the 
crude lactonic ester (2 g.) were added successively to the Grignard reagent prepared from ethyl 
bromide (10 g.) and magnesium (2 g.) inether. The mixture was refluxed for 10 min. and then 
treated with excess of dilute hydrochloric acid (cf. Hardy, J., 1936, 398). The separated aqueous 
layer was extracted twice with ethyl acetate, and the combined organic layers were washed with 
water, sodium hydrogen carbonate solution, and water, dried (MgSO,) and evaporated under 
reduced pressure. Trituration of the residual gum with ethyl acetate—light petroleum (b. p. 
60—80°) gave crystalline material, m. p. 160—164° (0-9 g.). The anilide separated from meth- 
anol or benzene in thin plates, m. p. 165—166° (Found: C, 67-3; H, 5-5; N, 6-0. C,,;H,,0;N 
requires C, 67:5; H, 5:7; N, 6-1%). Infra-red spectrum (Nujol mull): max. at 3356, 1764, 
1684, 1600, 1543, 1493, 1443, 1387, 1331, 1314, 1252, 1181, 1094, 1049, 979, 919, 902, 865, 722, 
754, and 724 cm.+1. 

(b) 4-Carboxy-4-hydroxy-2 : 3-dimethylbut-2-enoic lactone (0-50 g.) was converted into the 
acid chloride as already described, and aniline (2-0 g.) was added to a solution of the crude 
chloride in benzene (20 c.c.). After 30 min. ethyl acetate (50 c.c.) was added and the mixture 
was washed with dilute hydrochloric acid and water, dried (MgSO,), andevaporated. Recrystal- 
lisation of the residue from benzene yielded the anilide (0-4 g.), m. p. and mixed m. p. 163—164°. 

4-Hydroxy-2 : 3-dimethylbutanoic Lactone-—The unsaturated lactone (0-52 g.) in ethanol 
(50 c.c.) was hydrogenated in presence of palladised strontium cabonate catalyst (5% of Pd) 
until absorption ceased. Distillation of the filtered solution furnished the Jactone (0-20 g.) asa 
colourless oil, b. p. 65—68°/1 mm., 2? 1-4342 (Found: C, 63.4; H, 8-9. C,.H,,O, requires 
C, 63-1; H, 88%). Infra-red spectrum (liquid film): max at 3597, 3030, 1776, 1484, 1458, 
1391, 1372, 1328, 1284, 1247, 1223, 1181, 1159, 1124, 1100, 1056, 1029, 1011, 1002, 981, 829, 776, 
723, and 707 cm.7. 

4-Carboxy-4-hydroxy-2 : 3-dimethylbutanoic Lactone—Hydrogenation of the unsaturated lac- 
tonic acid (1-0 g.) in a similar manner gave the saturated acid (0-9 g.) which separated from 
benzene-ethyl methyl ketone in plates, m. p. 122—123° (Found: C, 53-3; H, 6-5. C,H yO, 
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requires C, 53:2; H, 64%). Infra-red spectrum (Nujol mull) : max. at 3279, 1767, 1403, 1389, 
1350, 1335, 1284; 1174, 1159, 1130, 1085, 1062, 1040, 1019, 960, 873, 855, 808, 796, 750, 728, 
and 686cm.-. It is of interest that hydrogenation gave entirely, or almost entirely, one isomeric 
form of this acid although cis-addition might be expected to produce a mixture of two isomers, 

The derived anilide, prepared via the acid chloride as already described, crystallised from 
benzene—light petroleum (b. p. 60—80°) in fine needles, m. p. 146—147° (Found: C, 67-0; 
H, 6-3; N, 5:9. C,,;H,,;0,N requires C, 66-9; H, 6-5; N, 60%). Infra-red spectrum (Nujol 
mull): max. at 3311, 1776, 1669, 1597, 1543, 1502, 1462, 1445, 1341, 1326, 1263, 1232, 1160, 
1126, 1083, 1055, 1084, 1017, 1000, 966, 913, 888, 869, 846, 792, 768, 760, 722, and 695 em.-. 
Hydrogenation of the corresponding unsaturated anilide furnished the same product (m. p. and 
mixed m. p.). 

4-Carvbamyl-4-hydroxy-2 : 3-dimethylbutanoic lactone, prepared from the acid chloride by 
ethereal ammonia, separated from benzene in fine needles, m. p, 187—188° (Found: C, 53:6; 
H, 7:2; N, 9:3. C,H,,0O,N requires C, 53-5; H, 7:1; N, 8-9%). Infra-red spectrum (Nujol 
mull): max. at 3448, 3236, 1789, 1664, 1626, 1344, 1330, 1282, 1170, 1159, 1131, 1109, 1080, 
1060, 1035, 1009, 956, 822, 792, 743, and 696 cm.+, This material was also obtained by hydro- 
genation of the unsaturated amide. 

A portion (0-4 g.) of the lactonic acid was methylated by ethereal diazomethane ; the methyl 
ester distilled as a colourless oil (0-2 g.), b. p. 115—120°/1 mm., nf 1-4525 (Found: C, 56-0; 
H, 7:0. C,gH,,O, requires C, 55-8; H, 7:0%). Infra-red spectrum (liquid film): max. at 
3636, 3030, 1789, 1805, 1443, 1387, 1344, 1306, 1277, 1221, 1164, 1133, 1094, 1080, 1063, 1031, 
1005, 981, 938, 913, 859, 803, 769, and 735 cm.7}, 

Alkaline Hydyvolysis of Lactones and Lactone-esters.—An ethanolic solution of the substance 
was treated with approx. 0-1N-sodium hydroxide solution (ca. 2 equivs.), the volume of ethanol 
used being equal to that of the alkali solution, After 1 hr. at room temperature (18—23°), the 
consumption of alkali (in equivs.) was: 4-hydroxy-2: 3-dimethylbut-2-enoic lactone (X; 
R = H), 0:02; 4-hydroxy-2: 3-dimethylbutanoic lactone (XI; R =H), 0-97; 4-methoxy- 
carbonyl-4-hydroxy-2 : 3-dimethylbut-2-enoic lactone (X; R = CO,Me), 1:03; and 4-meth- 
oxycarbonyl-4-hydroxybutanoic lactone (XI; R = CO,Me), 1-54, 

Reactions with Aminomagnesium Bromide.—Experiments were carried out with different 
solvents and with the reactants in various proportions. The most satisfactory results were 
obtained by the following procedure: To a stirred solution (182 c.c.; 0-48m) of ammonia in 
dioxan, ethereal ethylmagnesium bromide (93 c.c.; 0-94m) and ethyl benzoate (1-6 g,) were 
added successively. After 1 hour’s refluxing the ether was replaced by dioxan by distillation, 
and refluxing then continued for a further 1 hr, (bath 90—100°), The mixture was decomposed 
with ammonium chloride solution, extraction with ethyl acetate in the usual manner affording 
benzamide (0:43 g., 33%), m. p. 118—121°. 

Application of this procedure to the lactonic ester, mainly (X; R = CO,Et), yielded a viscous 
gum. 

Ethyl «-A cetoxy-a-methylacetoacetate.—This ester was prepared in 26% yield by the procedure 
already described. 

(+)-Ethyl Anhydromonocrotalate——The Reformatsky reaction was carried out as in the 
previous example, with the foregoing acetoxy-ester (75 g.), ethyl-«-bromopropionate (65 g.), 
xylene (450 c.c.), and zine (50 g.). The crude ester (23 g.) was obtained as a yellow oil, b. p. 
100—140°/1-5 mm., n3? 1-4675. Fractional distillation of this material through a short Fenske 
column furnished the ethyl estey as a pale yellow oil, b. p. 93—94°/0-5 mm., nj 1-4679 (Found : 
C, 61:0; H, 7-4. Cy 9H,,O,4 requires C, 60-6; H, 7-1%). Light absorption (in ethanol) : max. 
at 2100° A (e 10,600). 

(+-)-Anhydromonoerotalic Acid.—The foregoing ester (21 g.) in ethanol (200 c.c.) was treated 
with 0-IN-sodium hydroxide (1400 c.c.). After 1 hr. at room temperature the mixture was 
acidified with hydrochloric acid (100 c.c.; 2N) and extracted with ethyl acetate (10 x 100 c,c.). 
The combined extracts were washed with water (2 x 50 c.c.) and evaporated in vacuo (bath 
<30°). Trituration of the residual oil with benzene gave crystals (7'7 g.), m. p. 104—106° ; 
(-+-)-anhydromonocrotalic acid crystallised from benzene in thin plates, m. p. 114——115° (with 
decarboxylation) (Found: C, 56:3; H, 60%; equiv., 169. C,H, 0, requires C, 56-5; H, 
59%; equiv., 170). Infra-red spectrum (Nujol mull): max. at 2660, 1758, 1721, 1681, 1531, 
1449, 1339, 1284, 1244, 1186, 1147, 1129, 1103, 1073, 972, 929, 899, 835, 773, 759, and 709 cm.™. 

A suspension of the acid (3-0 g.) in ether (100 c.c.) was treated with ethereal diazomethane 
until the yellow colour persisted. Isolated in the usual manner, the methyl ester (2-6 g.) was a 
colourless oil, b. p. 96—98°/0-6 mm., nf 1-4712 (Found: C, 58:3; H, 6:7. C,H,,O, requires 
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C, 58-7; H, 6-6%). Infra-red spectrum (liquid film) : max. at 3597, 3021, 1764, 1692, 1441, 
1389, 1381, 1326, 1272, 1259, 1178, 1136, 1123, 1099, 1065, 977, 936, 888, 845, 780, and 750 cm.7}. 

The methy] ester (1:0 g.) was shaken with aqueous ammonia (15 c.c.; d@ 0-88) for 30 min., 
the crystalline product being collected and washed with water (yield, 0-8 g. of material, m. p. 
174—-176°). Recrystallisation from benzene furnished fine needles of the amide, m. p. 177—178° 
(Found : C, 56-6; H, 6-6; N, 8-7. C,H,,O,N requires C, 56-8; H, 6-6; N, 8-3%). Infra-red 
spectrum (Nujol mull): max. at 3345, 3279, 1761, 1689, 1462, 1405, 1389, 1325, 1258, 1183, 
1149, 1124, 1114, 1091, 1064, 970, 733, 811, and 765 cm.+. 

(+)-Ethyl anhydromonocrotalate (2-0 g.) was treated with anilinomagnesium bromide as in 
the previous example. The resulting anilide (0-6 g.) separated from light petroleum (b. p. 
80—100°) containing a little ethyl methyl ketone in elongated hexagonal plates, m. p. 156—157° 
(Found: C, 68-5; H, 6-2; N, 6-0. C,,H,,;0,N requires C, 68-5; H, 6-2; N,5-7%). Infra-red 
spectrum (Nujol mull) : max. at 3345, 1754, 1678, 1597, 1543, 1502, 1488, 1441, 1389, 1370, 1316, 
1247, 1178, 1124, 1099, 1063, and 866 cm."}. 


The authors are grateful to Dr. J. M. Vandenbelt and Mr. R. B. Scott (Parke, Davis & Com- 
pany, Detroit) and Miss E. M. Tanner for the spectroscopic measurements and for helpful advice 
on their interpretation. 
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A Study of the Evolution of Carbon Dioxide during Melanin Formation, 
including the Use of 2-(3:4-Dihydroxyphenyl)[1-4C]- and 2-(3: 4- 
Dihydroxyphenyl)|2-'4C]-ethylamine. 

By G. A. Swan and D. Wricut. 
[Reprint Order No. 4723.] 


2-(3 : 4-Dihydroxyphenyl)[1-“C]- and 2-(3: 4-dihydroxyphenyl)[2-"C]- 
ethylamine hydrochloride have been synthesised and used to study melanin 
formation. It was found that about 96° of the carbon dioxide evolved 
during the reaction arises from the breakdown of the benzene nucleus. A 
study of the effects of catalase and of hydrogen peroxide on the formation of 
melanin from 2-(3 : 4-dihydroxyphenyl)ethylamine and from 5 : 6-dihydroxy- 
indole suggested that at least half of the evolved carbon dioxide arises as a 
result of a secondary reaction due to attack by hydrogen peroxide produced 
during the primary oxidation. 


Ir has been shown (Clemo, Duxbury, and Swan, /., 1952, 3464) that carbon dioxide is 
evolved during the conversion of 2-(3 : 4-dihydroxyphenyl)ethylamine and of 5: 6-di- 
hydroxyindole into melanin by the action of oxygen at pH 8. We now describe further 
experiments attempting to discover the significance (if any) of this carbon dioxide in the 
structure and formation of melanin. 

We have prepared 2-(3 : 4-dihydroxyphenyl)ethylamine hydrochloride labelled with 
M4C in the «- and the §-position of the side chain, severally. 3: 4-Dimethoxybenzaldehyde 
was condensed with nitromethane, the resulting nitrostyrene derivative reduced with 
lithium aluminium hydride, and the product demethylated to give 2-(3 : 4-dihydroxy- 
phenyl)ethylamine. The use of nitro{!*C]methane gave the «-labelled compound, 2-(3 : 4- 
dihydroxyphenyl)[1-“C]ethylamine hydrochloride; whereas the @-labelled derivative, 
2-(3 : 4-dihydroxyphenyl)[2-“C]ethylamine hydrochloride was obtained by using 3: 4- 
dimethoxybenz[{C]aldehyde. The results obtained when these materials were converted 
into melanin in duplicate experiments (Table 1) show that the evolved carbon dioxide was 
of very low specific activity in both cases, indicating that only about 1-9 and 2-3% of it was 
derived from the «- or 8-carbon atom respectively. (If it were all derived from the labelled 
atom, the specific activity of the evolved carbon dioxide should be eight times as great as 
that of the carbon dioxide produced by combustion of the starting material.) This means, 
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therefore, that the evolved carbon dixoide has its main origin (96°) in the breakdown of 
the benzene nucleus, although this does not, of course, prove that the residues so oxidised 
are necessarily incorporated in or into the melanin. If such residues are in fact incor- 
porated, then the specific activity of the carbon dioxide formed by combustion of the 
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2-(3 : 4-Dihydroxypheny]l)[1-4C]ethylamine Reiente 
BaC ‘O, resulting from melanin formation ...... 

Melanin 

Melanin (refluxed for 24 hr. with 2n- HCl) .. 


2-(3 : 4-Dihydroxyphenyl[2-'C}ethylamine hydrochloride 
BaCO, resulting from melanin formation ......... 

Melanin , adiessinos sarees 
Melanin (refluxed for 24 hr. with 2n-HCl) .. susdap saa Ueesdateneie 
melanin should be slightly higher than that by combustion of the original dihydroxy- 
phenylethylamine, but the expected difference is only of the order of the possible experi- 
mental error in the radioactivity measurements. We therefore defer further discussion of 
this aspect until we have available 2-(3 : 4-dihydroxyphenyl)ethylamine labelled in specific 
positions of the benzene nucleus. 

The possibility that hydrogen peroxide is formed during the oxidation of catechol to 
o-benzoquinone has been discussed by various authors (Onslow and Robinson, Biochem. J., 
1926, 20, 1138; Platt and Wormall, ib¢d., 1927, 21, 29; Wagreich and Nelson, J. Amer. 
Chem. Soc., 1938, 60, 1545; Dawson and Ludwig, 1bid., p. 1617; cf. also Wieland and 
Fischer, Ber., 1926, 59, 1180; Raper, Biochem. J., 1937, 31,2155). It seemed to us possible 
that hydrogen peroxide might be similarly formed during the formation of melanin from 
tyrosine, 3: 4-dihydroxyphenylalanine, 2-(3 : 4-dihydroxyphenyl)ethylamine, and 5: 6- 
dihydroxyindole; and, if so, it seemed conceivable that this hydrogen peroxide might be 
concerned in the carbon dioxide evolution. We now present evidence in support of this, 
the results being summarised in Table 2, which shows the weights of carbon dioxide (as 
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TABLE 2. 
2-(3 : 4-Dihydroxyphenyl)ethylamine 5 : 6-dihydroxyindole 
hydrochloride (190 mg., 1 mmole) (149 mg., 1 mmole) 
Solution added BaCoO, (mg.) Melanin (mg.) BaCO, (mg.) Melanin (mg.) 
Catalase solution (0-3 ml.) ... 29-8 9- 60-3 156-1 
a (0-03 ml.) 33-7 3: ~~ 
Wo QAGIOM: csccccacdsegebeers sss 56-7 114 
H,O, (1 mmole) 59-2 , 152-9 
» (5 mmoles) 84-5 5: — 
(7-5 mmoles) — 204-2 40 
(20 GRENOICS) — oeccas sen 0xs 101-8 229-8 1 
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barium carbonate) and melanin formed from 1 mmole of dihydroxyphenylethylamine or 
dihydroxyindole with or without the addition of catalase or hydrogen peroxide. When 
5 : 6-dihydroxyindole was converted into melanin, the addition of catalase to the solution 
caused a reduction in the amount of carbon dioxide evolved to approximately one-half of 
the normal quantity. The addition of hydrogen peroxide (10 mmoles per mmole of di- 
hydroxyindole), on the other hand, caused an increase of carbon dioxide evolution to about 
twice the normal value; and the melanin was then formed in reduced amount, and it was 
brown, gelatinous, and readily soluble in alkali (it was necessary to wash it with water 
containing a little hydrochloric acid to lower its solubility). Analytical data on melanin 
(Table 3) showed a very slight increase in carbon content in the case of catalase addition, 
and a considerable decrease when hydrogen peroxide was added. The melanin samples 
formed from dihydroxyindole in absence of catalase were sometimes “ electric ” in proper- 
ties; and great difficulty was experienced in obtaining consistent analytical results on 
these specimens. The yields of melanin were high, except in the hydrogen peroxide 
experiments. 
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From 2-(3 : 4-dihydroxyphenyl)ethylamine, yields of melanin were always much lower 
(probably owing to side reactions), but the addition of catalase caused a considerable 


TABLE 3. 

Composition * (%) of melanin derived from 
2-(3 : 4-dihydroxyphenyl)ethylamine 5 : 6-dihydroxyindole 
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improvement; at the same time, the evolved carbon dioxide was approximately halved 
in amount. The addition of hydrogen peroxide (1 mmole) reduced the weight of melanin 
formed by nearly one-half, although the amount of carbon dioxide evolved was not greatly 
altered and the melanin did not become gelatinous (the percentage of carbon in the melanin 
was also lowered). When hydrogen peroxide (10 mmoles) was added to a solution of 2-(3 : 4- 
dihydroxyphenyl)jethylamine at pH 8, the solution remained clear on treatment with 
oxygen—no melanin was formed, although carbon dioxide was evolved. 

When melanin which had been formed from dihydroxyphenylethylamine or dihydroxy- 
indole was suspended in a phosphate buffer solution of pH 8 containing hydrogen peroxide 
(20 moles per molecular unit of melanin, based on the assumption of an arbitrary value of 
170 for the molecular weight of the latter) and treated with oxygen, carbon dioxide was 
evolved and the melanin partly dissolved, forming a brown solution. In one experiment, 
in which melanin which had been prepared from «-labelled dihydroxyphenylethylamine 
was similarly treated, the specific activity of the evolved carbon dioxide showed that only 
about 6% of this carbon dioxide originated from the a-carbon atom (Table 4). 


TABLE 4. 
Melanin derived from 
2-(3 : 4-dihydroxyphenyl)[1-“C]ethylamine 45: 6-dihydroxyindole 
Radioactivity (counts/ 
Material Wi — mg.) min. as BaCQ,) Weight (mg.) 


( 
Melanin before H,O, treatment.. 2 375 19-7 
BaCO, produced sibebea SiR oks 8 180 28-0 

‘ Melanin ”’ after treatment 2-8 — 15-0 


From the above experiments, we infer that hydrogen peroxide, produced during the 
aerobic oxidation of 2-(3 : 4-dihydroxyphenyl)ethylamine or 5 : 6-dihydroxyindole brings 
about an oxidation either of the primarily formed melanin or of one of the intermediate 
products (probably at the site of the hydroxy] groups of the benzene nucleus) giving rise 
to carbon dioxide. The striking difference, as regards the weight of melanin formed, 
between the action of hydrogen peroxide on the two compounds suggests that hydrogen 
peroxide can decompose one of the intermediates before the 5 : 6-dihydroxyindole stage. 
At present, we consider this ring fission to be best regarded as a side reaction, rather than 
directly concerned with the primarv formation of melanin, although its occurrence must 
be remembered in considering analytical data on melanin. We cannot, therefore, support 
the recent attempt by Jolles (Chem. and Ind., 1953, 845) to revive Angeli’s theory (Aétz R. 
Accad. Lincet, 1927, 6, 87)in which oxidation of 5: 6-dihydroxyindole to pyrrole-2 : 3- 
diacetic acid is postulated as an essential feature of the reaction sequence. This is in 
agreement with the recent work by Cromartie and Harley-Mason (Chem. and Ind., 1953, 
972). It should also be noted that, although Panizzi and Nicolaus (Gazzetta, 1952, 82, 435) 
isolated a pyrroletricarboxylic acid (in very low yield) from the oxidation products of sepia 
melanin, they were unable to obtain it from tyrosine-melanin. 
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EXPERIMENTAL 

The radioactivity determinations and oxidation experiments were carried out as described 
by Clemo, Duxbury, and Swan (loc. cit.) ; the volumes of solutions stated there for the oxidation 
experiments were used for approx. 0-3 mmole of the organic compound. 

5 : 6-Dihydroxyindole was prepared by the method of Beer, Clarke, Khorana, and Robertson 
(J., 1948, 2223), as we found the last stage of Harley-Mason’s new method (J., 1953, 200) to 
be unreliable, 7.e., the oxidation of 2-(2-amino-4 : 5-dihydroxyphenyl)ethylamine. 

The catalase used was a preparation from ox-liver (Sumner and Dounce, J. Biol. Chem., 
1937, 121, 417) kindly supplied by Dr. J. S. Falconer, Physiology Department, King’s College, 
Newcastle-upon-Tyne. Its activity was determined by the method of von Euler and Josephson 
(Annalen, 1927, 452, 158). The addition of 0-03 ml. of the catalase solution to a solution of 
hydrogen peroxide (1 mmole) in a volume of 150 ml., at pH 8 and 0°, brought about decomposi- 
tion at the initial rate of 0-135 mmole of H,O, per min. As shown in Table 2, the addition 
of this amount of catalase to a solution of 1 mmole of 2-(3 : 4-dihydroxyphenyl)ethylamine 
produced nearly the same effect as did ten times this quantity of enzyme. 

[#4C|Methyl iodide was prepared by the method of Cox, Turner, and Warne (J., 1950, 3167) 
and converted into nitro[“@C|methane essentially as described by Arnstein and Bentley (/., 
1951, 2385). 3: 4-Dimethoxybenz[MC]aldehyde was prepared via 3: 4-dimethoxybenz[#C]oic 
acid in the way described by Calvin e¢ al., ‘‘ Isotopic Carbon,’’ Chapman and Hall, London, 
1949, pp. 183, 199. It was, however, found desirable to distil the acid chloride before reduc- 
tion. After the reaction, the xylene solution was filtered, washed with sodium hydrogen 
carbonate solution, and dried (Na,SO,), the xylene was removed, and the crude residue was 
used in the subsequent condensation with nitromethane, which showed that the yield of aldehyde 
was 58%, based on the acid chloride. 

3: 4-Dimethoxy-w-nitrostyrene—A solution of methylamine, prepared from methylamine 
hydrochloride (20 mg.) and sodium carbonate (25 mg.) in methanol (0-25 ml.) was added to one 
of nitromethane (0-25 g.) and 3: 4-dimethoxybenzaldehyde (0-8 g., 15% excess) in methanol 
(2 ml.), and the mixture was kept for 3 days in the dark. The product (0-7 g.) was collected and 
washed with methanol; it had m. p. 140°, in agreement with Rosenmund (Ber., 1910, 48, 
3412). These conditions (giving a yield of 82% based on nitromethane) were used for the 
condensation of 3 : 4-dimethoxybenzaldehyde with nitro[@C]methane. When the nitromethane 
was in excess (15%), the nitrostyrene was obtained in 87% yield based on the aldehyde; under 
these conditions, 3: 4-dimethoxybenz[“C]aldehyde was condensed with nitromethane (cf. 
Gairaud and Lappin, J. Org. Chem., 1953, 18, 1). 

2-(3 : 4-Dimethoxyphenyl)ethylamine.—The above nitrostyrene (0-5 g.) was introduced into 
a solution of lithium aluminium hydride (0-8 g.) in ether (40 ml.) during 20 hr. by the Soxhlet 
technique. Water, followed by sodium hydroxide solution, was added to the cooled solution, 
the ethereal layer was separated, and the aqueous layer extracted with ether, with the help of 
the centrifuge. The ether was removed from the dried (Na,SO,) extract, and the residue dis- 
tilled, giving the amine (0-32 g., 74%) as a colourless liquid, b. p. 120° (bath) /1 mm. 

This was demethylated as described by Clemo, Duxbury, and Swan (loc. cit.), giving 2-(3 : 4- 
dihydroxyphenyljethylamine hydrochloride (0:24 g.; m. p. 238°). Recrystallisation from 
hydrochloric acid (1 : 1) afforded 0-19 g. of a product, m. p. 238—239°. 


Thanks are offered to King’s College Research Fund for grants towards the purchase of 
equipment, to King’s College Council for the award of a Postgraduate Studentship (to D. W.), 
and to Professor G. R. Clemo, F.R.S., for his interest. 
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Lanthanon Complexes with Hydrazine-NN-diacetic Acid. 


By R. C. VICKERY. 
[Reprint Order No. 4159.] 


A study has been made of the stable complexes formed between the 
lanthanons and hydrazinediacetic acid. Solid complexes have been prepared 
which exhibit a Ln: acid ratio of 1: 3, and overall stability constants have 
been derived for some of the normal complexes formed; these range from 6-6 
for the lanthanum complex to 7-7 for the ytterbium complexes. The yttrium 
complex has a stability constant value of 7-3. Spectrophotometric studies 
show the 576 my absorption band of the neodymium ion to exhibit, on form- 
ation of the hydrazinediacetate complex, the “‘ internal ’’ Stark effect splitting 
previously observed in absorption spectra of other complex neodymium ions. 

The complexes formed are of little value in macroscale separation of the 
lanthanons. 


HyDRAZINE-NN-DIACETIC ACID (‘‘ hda ”’), NH,*N(CH,°CO,H)., was recently employed by 
Fitch and Russell (Analyt. Chem., 1951, 23, 1469) as eluant in the ion-exchange separation 
of lanthanum from the other lanthanons, but the information given was insufficient to enable 
correlation of the fundamental data for lanthanon—hda complexes with those for 
complexes between the lanthanons and ethylenediaminetetra-acetic acid (“‘enta”’) and 
nitrilotriacetic acid (‘‘ trilo ”’) (Vickery, /., 1951, 1817; 1952, 421, 1895). The work now 
recorded was undertaken to permit this correlation. 

Fitch and Russell (loc. cit.) considered mono- and di-hda—lanthanon complex ions to 
be formed, but the acid-base titration curves given for the solutions employed showed no 
evidence of this. A series of titrations of Ln—hda in increasing molar ratios has now 
shown stable complexes to be formed only at a 1 : 3 molar ratio of Ln: acid (Fig. 1). The 
titration curves for the 1 : 2 and 1: 3 ratios could indicate the formation of such salts as 
Na[Nd hda,] and Nd[Nd, hdag],, but (see p. 388) the first salt could not be prepared. The 
second salt would be insoluble (like the analogous enta complex), but, in fact, no precipitate 
was seen during or after the titrations. 

pK values determined for hydrazinediacetic acid were: pK, 2-54, pK, 9-30, and these, 
with the evidence presented later, confirmed that hda acts monobasically towards the 
lanthanons. Since the 1:3 complexes must be formed stepwise (e.g., Schwarzenbach, 
Nature, 1951, 167, 434), the cationic mono- and di-acid complexes would exist transitorily 
through the reactions 

Ln*+ + HA~ —» LnHA?** 
LnHA?+ + HA- ——» Ln(HA),+ 
Ln(HA),* -- HA~ ——» Ln(HA), 


The formation of anionic species cannot be disregarded, however, and at pH values between 
5-8 and 7:2 neodymium was extracted by anion-exchange resins from solutions of the 
complex. This evidence for anionic complex formation is supplemented by spectro- 
photometric data. Simple lanthanon salts with hydrazinediacetic acid can be prepared 
which also have a 1:3 molar ratio of lanthanon to acid, 1.¢e., Ln(AH,)3, but these exist 
only at pH values less than ca. 6-0. At this pH value, and below, the absorption spectra 
of the lanthanon salt solutions are characteristic of Ln** ions. With increase in pH of the 
solution the spectra change markedly and exhibit those variations which have been shown 
to occur on complex formation (Moeller and Brantley, J. Amer. Chem. Soc., 1950, 72, 5447 ; 
Tevebaugh, A.E.C.D. 2749; Vickery, Jocc. cit.). The absorption spectrum of neclymium 
complexes with hda presented analogies to those of the complexes with enta or irilo, 
but the internal Stark effect splitting of the 576 mu band becomes marked only at 
alkaline pH values (Fig. 2). Differentiation from the spectrum of ionic solutions is slight 
below pH 6-0, but thereafter a progressive diminution in absorption intensity takes place 
together with a slight bathochromic shift of the 522 my band. At pH 8-2 splitting of the 
576 mu band is quite clear. Whether the peaks at 586 and 591 my are new bands 
Oo 
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or developments of the 576 my band is uncertain; there is slight evidence of their existence 


at pH 6-2, but at pH 2-0 their presence is doubtful. 
From the evidence available, the complexes formed in solution may be visualised as 
analogous to those with enta and trilo, and of the form (I), which includes three five- 


membered chelate rings. 

r CH,"CO-0, O-CO-CH, 
NHL 2 
CH,CO, 


N-NH, | 
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By acidifying a neodymium chloride-ammonium hydrazinediacetate solution a com- 
pound was obtained whose analysis corresponded with Nd[NH,*N(CH,°CO,),H]3,7H,O ; 


Fic. 1. Titration of NdCl,—hda solution against NaOH. 
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40\d0 2 
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The figures on each curve represent moles of hda per mol. of NdCl, in 100 ml. of solution 
containing 1 xX 10“ mol. of hda. For clarity, the curves for ratios 5—40 have been 
drawn semidiagrammatically. 


this dissolved readily in water or aqueous ammonia but could not be recrystallised from the 
latter. Acid solutions of pH 6-0 did not dissolve the compound. Attempts to prepare 
complex sodium salts similar to those of enta and suitable for fractional crystallisation 
(Marsh, /., 1951, 3057) were unsuccessful. 

With knowledge of the type of complex formed, the overall stability constants could be 
determined. Chelation occurring stepwise, the individual step equilibrium constants are : 


(LnHA?*] | |. (Ln(HA),*] |, (Ln(HA);] 


1“ [La*J(HA-]’ “? ~ [inHA®*][HA-]’ “* ~ [in(HA),*)[HA-] 
The integration of these step equilibria was affected as before (Vickery, /occ. cit.; Mellor and 
Maley, Australian J. Sct. Res., 1949, 2, 579), the values of K,, Ky, and Ky being those of 
pA at m = 0-5, 1-5, and 2-5. 

The acid-base titration curves and formation curves and the data obtained from them 
are given in Figs. 3 and 4and Table 1. The overall stability constants (log K values) for 
hda do not completely confirm Fitch and Russell’s observation (loc. cit.) that an 
appreciable difference exists in the degree of complex formation attained by lanthanum as 
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compared with the other lanthanons. Even ytterbium, however, forming the strongest 
complexes of those examined, still is less strongly complexed with hda than is lanthanum 


TABLE I. 
hda hda 
€ —$—$ ___—_—_  - ~ , 
Lanthanon log K, log Kk, log K;_ log K Lanthanon log K, log K, log K,; log K 


Lanthanum 3-8 2-8 <0-1 6-6 Yttrium : 3-1 0-1 73 
Samarium ... 4:1 2-9 0-1 7-1 Ytterbium ... f 3-2 <01 7-7 


with enta or trilo. The general increase in log K values with atomic number of the 
lanthanons is in conformity with other lanthanon complex series. The step constants, K,, 
Ky, and Ks, show quite readily that the first two ligand bonds are stronger than the last. 


Fic. 2. Absorption spectra of 0-1M-NdCl, + 0-5m-hda. 
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Fic. 4. Formation curves for 
Ln-hda systems. 
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The relatively low stabilities of these complexes explain why, unlike enta or trilo, 
hda does not readily sequester lanthanon oxalates. Much oxalate always remains un- 
dissolved when lanthanon oxalates are digested with ammoniacal hda solutions. The 
influence of pH on oxalate sequestration was demonstrated by shaking, for 14 hr. at room 
temperature, 10-g. lots of mixed lanthanon oxalates with solutions of 40-g. lots of 
ammonium hydrazinediacetate at pH values from 6 to 10. In spite of the excess of hda, 
solution was in no instance complete although the amount of residual oxalate decreased 
somewhat with increase in pH. Heating the solutions produced no further solvent effect. 
The possibility was at first considered that there might occur a preferential dissolution 
of lanthanon oxalates other than lanthanum (cf. Fitch and Russell, Joc. cit.) but analyses 
of the dissolved and residual oxalates showed negligible variation in composition. 

The sequestered oxalate solution showed little effective separation when fractionally 
acidified (Table 2). Fractions 1—3 were precipitated by addition of nitric acid, and 
fractions 4—6 by more oxalic acid, since the addition of nitric acid had ceased to yield a 
precipitate. Fractional oxalate precipitation from a lanthanon nitrate solution containing 
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excess of ammonium hydrazinediacetate at pH 5-0 showed no better separation than 
before. Similar attempts to separate heavy lanthanon mixtures were unsuccessful. 


TABLE 2. 
% Sm,0,, % Pr,0;, % Nd.O;, % 
/ 3“3 / 23» /O 2“3» /O 
Fraction 4 
5 


Original 
Fraction 1 : : te 
» . . . 


” 


The sequestered oxalate solutions, however, yielded two polymorphic crystal forms : 
type «, deposited on cooling a hot, filtered solution of lanthanon oxalates in ammoniacal 
hydrazinediacetate; and type 8, obtained on spontaneous evaporation of a cold prepared 
solution of the oxalates. Analyses of these crystals gave identical results, viz., C, 24-1, 
24-0; N, 13-9, 14:1; O, 42-8, 42-8; H, 3-5, 3-5; Ln, 15-7, 15-8; NH, 59-6, 59-5%. That 
the solutions were alkaline and retained lanthanon in solution is indicative of co-ordination. 
Ammonia was evolved on digestion with caustic alkali, but no lanthanon was precipitated, 
so we may consider the lanthanon to be present in the inner, and ammonium in the outer, 
Werner co-ordination spheres. 

The «-type crystals were hexagonal with a high degree of twinning. The §-crystals 
were much smaller and acicular. The «-crystals were sparingly soluble in water, acids, 
and ammonia solution, but the $-crystals were quite soluble in all three reagents. The 
behaviour of these polymorphs is comparable with that of polymorphic glycine complexes 
previously described (Vickery, J., 1950, 2058). 

As well as these oxalato-complexes, another compound was prepared by acidifying a 
neodymium chloride-ammonium hydrazinediacetate solution. Analysis of this salt corre- 
sponded with Nd{NH,*N(CH,°CO,),H],,7H,O. This compound dissolved readily in water 
and ammonia solution but not in acid. Attempts to prepare complex sodium salt similar 
to those of “‘ enta ” suitable for recrystallisation (Marsh, J., 1951, 3057) were unsuccessful. 


EXPERIMENTAL 

The hydrazinediacetic acid, prepared by the action of potassium chloroacetate on hydrazine 
hydrate (Bailey and Read, J. Amer. Chem. Soc., 1914, 36, 1747), was recrystallised, and its 
composition checked by analysis. According to Curtius and Hussong (J. pr. Chem., 1861, 83, 
271), hda melts with decomposition at 166—167°. Bailey and Read (loc. cit.) found a 
somewhat higher decomposition temperature (176°) but the present work has confirmed the 
earlier figure. One or two preparations which showed a pinkish colour tended to decompose at 
temperatures above 167° but when they were recrystallised to a pure white material the m. p. 
166° (decomp.) was constantly obtained. The solubility in water of hda at 26° was found 
to be 2-8 g./l., and at 100° 36-8 g./l. Dissociation constants were determined by the usual 
potentiometric methods. 

The individual lanthanons employed for spectrophotometric and titration studies were of 
high purity, as has previously been noted (J., 1952, 421). The hda showed negligible back- 
ground absorption between 5 and 600 my (the region examined), and the spectrophotometric 
data were obtained on a Beckman DU instrument with the reading intervals, etc., as previously 
described. ‘Titrations for the determination of stability constants were carried out at 25° 
with 1-23N-sodium hydroxide against 100 ml. of solution 1 x 10%m with respect to hda, 
0-2 x 10m to Ln**, and 2 x 10 %n to perchloric acid, the ionic concentration of the system 
being maintained at 0-1m by addition of potassium chloride. pH determinations were made on 
a Cambridge pH meter and taken as direct measurements of hydrogen-ion concentrations. 
Activity coefficients were neglected, as early determinations showed that their consideration led 
to little variation in the formation curve functions. 

The lanthanon oxide (oxalate) mixtures employed for separation studies were derived from 
monazite (less cerium) or davidite (less much yttrium). 


Thanks are due to Dr. Zimmermann of the Microanalytical Section of this organisation for 
microanalyses of the acids and complex salts prepared. 
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Some Reactions of 5-Oxothiazolinium meroCyanine Dyes. 
By R. A. JEFFREYS. 
[Reprint Order No. 4510.] 


Several reactions, in basic media, of 5-oxothiazolinium merocyanines, of 
which (III; Rand R’ = alkyl) is typical, are described. 'Whena substance of 
type (III) is condensed with primary amines a complex sequence of reactions 
takes place, and open-chain derivatives of «-amino(thiolcrotonic acid) (VI; 
VIIa, b), the expected 2-iminothiazolid-5-one dyes (VIII), or 1 : 3-substituted- 
2-thiohydantoin dyes (IX), or combinations of these, are isolated. The 2- 
iminothiazolid-5-one dyes isomerize to 2-thiohydantoins in basic media. 
When a compound of type (III) is refluxed with alcoholic triethylamine, a 
number of decomposition products are formed, but only the thiazolid-2 : 5- 
dione merocyanine was isolated. Formation of open-chain dyes (VI) explains 
the low yields of trinuclear dyes obtained from (III) and heterocyclic 
intermediates. 


Ir is well known that merocyanine dyes (I; X =S or NR) derived from rhodanine or 
from | : 3-substituted 2-thiohydantoin are quaternized by fusion with alkyl esters to form 
cationic dyes (II) (Kendall, B.P. 487,051; Fry and Kendall, B.P. 489,335; Brooker, 
U.S.P. 2,454,629). It is also established that 5-oxothiazolinium isomers of (II; X = S), 
e.g., (III), are readily prepared from alkyl esters and merocyanines derived from 2-alkyl- 
thiothiazol-5-one or 3-alkyl-2-thiothiazolid-5-one (Knott and Jeffreys, J., 1952, 4762) ; 
further, these monocyclic compounds are assumed to be intermediates in the preparation 
of complex trinuclear dyes by Doyle, Lawrence, and Kendall (B.P. 622,775). The 
quaternary salts possess a reactive substituent at C,,) in the oxo-heterocyclic ring: they 
are much more soluble in polar solvents than the parent dyes, and decompose slowly in 


solution. 
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For comparison with 5-oxothiazolinium mervocyanines (III), the corresponding dyes 
containing a tetrahydro-4-oxoglyoxalinium (as in II; X = NR) or a 4-oxothiazolinium 
(as in II; X = S) ring system were condensed with primary amines. The products, as 
claimed by Kendall (loc. cit.) and Brooker (loc. cit.), were closely related to their parent 
dyes (I), the 2-thio-group being replaced by a 2-alkyl(or 2-aryl)imino-group (as in IV; 
X= NR or S). The structures of the tetrahydroglyoxaline dyes follow from their 
analysis, and those of the thiazolid-4-one dyes were confirmed by alternative syntheses 
from 2-2’-acetanilidovinyl compounds and 2-iminothiazolid-4-ones (V; R’ = Et or Ph). 
One molar equivalent of alkanethiol was evolved during these reactions. 

The compound formed in one reaction was the salt of an iminoglyoxaline dye, probably 
because of the strong nucleophilic character of the guanidine grouping. Basifying the 
dye solution caused a hypsochromic shift of the absorption maximum of 24 my, by 
permitting amide-type resonance in the oxo-heterocyclic ring again, with increased 
energetic asymmetry of the dye. 

Several types of dyes were produced when 5-oxothiazolinium dyes including (III), 
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reacted with amines, and the evolution of alkanethiol was much less than one molar 
equivalent. In a typical reaction of (III; R= Et, R’ = Me) with ethylamine the 
products had absorption maxima at 463 and 515 muy respectively. The former corre- 
sponded, by analysis, to the «-amino(thiolcrotonic ester) derivative (VI; R = Et, R’ = Me). 
This structure was confirmed by preparation of the analogous dye (VI; R = Me, R’ = Et) 
from a 5-oxothiazolinium quaternary salt and triethylamine in ethanethiol. Formation 
of these compounds accounted for the small yield of alkanethiol, for this is used in fission 
of the ring. The empirical formula of the second dye was that of (VIII or IX; R= 
R’ = Et). Its identity with the product from the reaction between 2-2’-acetanilidovinyl- 
benzothiazole ethiodide and 1 : 3-diethyl-2-thiohydantoin proved it to be (IX; R = 
R’ == Et). 
: Shee: + Re he te 
( >? \-cHcHek, me tig =CHCH=C. ‘ae S-cw-cHt, : 
VAy/ \N-CS,R’ \/\y% N:CS,R’ \An% N-CS‘NHR 
Et Et Me Et Me 

(VI) (VIIa) 
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Reaction of dye (III; R = Me, R’ = Et) with methylamine provided two dyes. One 
was a 2-thiohydantoin dimethinmerocyanine (IX; R = R’ = Me), the structure being 
confirmed by an alternative synthesis from 1 : 3-dimethyl-2-thiohydantoin (Cook and Cox, 
J., 1949, 2343). The absorption maximum (462 my) of the second was sufficiently close 
to that of (VI) to imply an open-chain structure. In alcoholic solution this dye readily 
cyclized, particularly in the presence of triethylamine, to the thiohydantoin (IX; R = 
R’ = Me). Its analysis indicated the structure (VIIa; R= Me, R’ = Et) or (VIIO; 
R = Me). It is known, however, that whereas thiohydantoic esters are cyclized in acid, 
N-ethoxycarbonyl derivatives of «-amino-acid amides are cyclized easily in alkaline 
solution and are hydrolysed by acids (Ware, Chem. Reviews, 1950, 46, 412, 420). The dye 
was therefore assigned structure (VIIa); it was formed by initial attack of the amine on 
(III), ring scission occurring between the (,) and the S atom. No reaction occurred 
between (VI) and amines. 

Similarly, 5-oxothiazolinium dyes with other —M nuclei in place of the benzothiazole 
system reacted with primary amines to form dyes analogous to (VI) and (IX), although in 
several experiments only one merocyanine was isolated. 

In two instances the expected 2-iminothiazolid-5-one merocyanines were obtained. 
When the 5-oxothiazolinium quaternary salt (III) reacted with aniline, the product was 
the 2-anilo-dye (VIII; R = Me, R’ = Ph). Likewise, an ethylenebisiminothiazolid-5-one 
merocyanine was obtained from ethylenediamine and a thiazoline analogue of (III). 
Heating these dyes with sodium carbonate in aqueous pyridine caused rearrangement to 
the thiohydantoin isomers. Under these conditions, the formation of an intermediate 
similar to (VIIa) was impossible. It is probable that the iminothiazolid-5-one dyes were 
isolated because of their insolubility, precipitation occurring before rearrangement could 
take place. 

A general mechanism for the reaction can now be postulated. A base having removed 
the dye (III) anion, the amine replaces the -SR group attached to the thiazolidone ring, 
providing a 2-imino-dye. This, if sufficiently insoluble, crystallizes out; otherwise it 
rearranges to a 2-thiohydantoin dye. The other dyes isolated (VI; VIIa; VIId) are 
produced by a ring scission between (C;,) and S before or after the iminothiazolidone dye is 
formed. 

There are various known cases in which the fragment (Xa or b) of a heterocyclic ring 
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rearranges rapidly to the isomeric fragment (XIa@ or 5) under mild alkaline conditions 
(Busch and Limpach, Ber., 1911, 44, 560; Heilbron, J., 1949, 2100; Cook and Heilbron, 
Rec. Trav. chim., 1950, 69, 361; Cavallito, Martini, and Nachod, J. Amer. Chem. Soc., 1951, 
78, 2544) without the isolation of an intermediate. Cook and his co-workers (J., 1948, 
1060; 1949, 2367; 1950, 1893, 1898, 1947) have shown that, together with other products, 
2-thiohydantoins are formed when amines react with 2-alkylthiothiazol-5-ones. 
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Reaction between (III) and cyclohexylamine in the presence of triethylamine, provided 
a yellow dye, having Amax, 426 my, whose empirical formula corresponded to the structure 
(VIIa; R= C,H,,, R’ = Et) or (VIID; R= C,H,,). Unlike the «-aminocrotonamide 
derivative previously isolated, this compound was not cyclized in neutral, acid, or basic 
media, and was assigned structure (VIId). The compression in this compound may 
account for the hypsochromic shift of Amas. compared with that of (VIIa; R= Me, R’ = 

Et). There is, however, no significant reduction of the molecular extinction coefficient. 
Since (III) reacted with ethanethiol in the presence of a base, a similar reaction was 
attempted with ethanol. Sytnik, Levkoev, Deichmeister, and Zhilina (J. Gen. Chem., 
U.S.S.R., 1952, 22, 1228) have shown that the 4-oxothiazolinium dyes (II; X = S) 
decompose in aqueous alcohol to thiazolid-2 : 4-dione merocyanines such as (XII), although 
Van Dormael (Bull. Soc. chim. Belg., 1949, 58, 403) claimed that open chain a-mercapto- 
carboxyamides (XIII) were formed. The 5-oxo-isomer formed a number of products, the 
only isolatable one being the thiazolid-2:5-dione merocyanine (XIV). A _ previous 
example of a dye with this +-M heterocycle was described by Aubert, Knott, and Jeffreys 

(J., 1951, 2195). 
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5-Oxothiazolinium salts may be condensed, in basic media, with quaternary salts of 
heterocyclic bases possessing a reactive methyl group, or with oxomethylene compounds, 
to give complex trinuclear dyes (Knott and Jeffreys, Joc. cit.; Doyle et al., loc. cit.). In 
many of these reactions it was observed that, after the solution had cooled, and the main 
dye product had crystallized out, the mother-liquor was strongly yellow. Concentration 
of this solution provided a syrup from which was isolated the dye (VI). The formation of 
this dye, from (III) and ethanethiol evolved in the reaction, explains the somewhat low 
yields of complex dyes. 

EXPERIMENTAL 

Absorption max. are recorded for methanol solutions unless otherwise stated. Light 
petroleum had b. p. 60—80°. 

3-n-Heptyl-1-methyl-2-thiohydantoin.—Methylaminoacetonitrile (5-0 g.) in ether (10 c.c.) was 
added to cooled, stirred n-heptyl isothiocyanate (10-1 g.) in ether (10 c.c.) under nitrogen, 
according to the procedure of Cook and Cox (loc. cit.). After 1 hr., the oil which had formed was 
separated from the ethereal layer and refluxed for 1 hr. with 2N-hydrochloric acid (100 c.c.). 
The resulting thiohydantoin was extracted, dried, and distilled (10 g.); it had b. p. 190°/2 mm. 
(Found: N, 12-3. C,,;HggON,S requires N, 12-3). 

Similar reactions gave 3-ethyl-1-methyl-2-thiohydantoin, needles [from ligroin (b. p. 60— 
80°)], m. p. 67° (Found: N, 17-7. C,H,,ON,S requires N, 17-:7%), 1: 3-diethyl-2-thio- 
hydantoin, needles (from ligroin), m. p. 68° (Found: N, 16-2. C,H,,ON,S requires N, 16-3%), 
3-cyclohexyl-1-methyl-2-thiohydantoin, leaflets (from isopropanol), m. p. 156° (Found: N, 13-2. 
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CyoH,,ON,S requires N, 132%), and ethylenebis-3-(1-methyl-2-thiohydantoin), needles (from 
pyridine-ethanol), m. p. 201° (Found: N, 19-5; S, 22-5. C,9H,,O,N,S, requires N, 19-6; S, 
22-4%) [prepared from ethylene diisothiocyanate (Yakubovich and Klimova, J. Gen. Chem., 
U.S.S.R., 1939, 9, 1777)]. 

Intermediate Dimethinmerocyanines.—These were prepared by standard methods from the 
2-2’-acetanilidovinyl heterocyclic quaternary salt and oxomethylene compound, with triethyl- 
amine to remove the acid liberated. Unless otherwise stated, the dyes (see Tables 1 and 2) 
formed needles on recrystallization. 

4-(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-2-ethylthio-3-methyl-5-oxothiazolinium Methyl 
Sulphate (II1; R= Me, R’ = Et, Z = MeSO,).—4-(3-Ethylbenzothiazolin-2-ylidene-ethyl- 
idene)-2-ethylthiothiazol-5-one (Aubert, Knott, and Williams, J., 1951, 2192; Cook, Harris, 
and Shaw, /., 1949, 1435) (1-74 g., 1 mol.) and methyl sulphate (0-7 g., 1-1 mol.) were fused 
together at 130° for 30 min. The product, which solidified on cooling, crystallized from 
methanol-ether as brick-red needles (1-9 g.), m. p. 174° (decomp.), Amax, 536 my (Found: N, 
5-9; S, 26-9. C,gH,.O;N.S, requires N, 5-9; S, 27-0%). 

Other quaternized dimethinmervocyanines (II, and analogues of III) were obtained by fusing 
the appropriate dimethinmerocyanine (1 mol.) with an alkyl ester (I—1-1 mols.) at 120—140° 
for periods up to 2 hr. or until maximum water solubility was achieved (Kendall et al., loc. cit. ; 
Brooker, Joc. cit.; Knott and Jeffreys, loc. cit.). The quaternary salts were not always purified. 

2-A nilo-5-(3-ethylbenzoxazolin-2 -ylidene-ethylidene)tetrahydro-1-methyl-4-ox0-3-phenylglyox- 
aline (IV; ring A = 8-ethyl-2-benzoxazoline; K = NMe, R’ = R” = Ph).—5-(3-Ethylbenz- 
oxazolin-2-ylidene-ethylidene)-1-methyl-3-phenyl-2-thiohydantoin (Table 1, dye 1) (0-94 g.) and 
methyl toluene-p-sulphonate (0-47 g.) were fused together at 140° for 2 hr. To the cooled 
glass were added aniline (0-26 g.), triethylamine (0-35 c.c.), and ethanol (6 c.c.). The solution 
was refluxed for 10 min., and then cooled. The dye was filtered off, washed with a little ethanol, 
and recrystallized from benzene—light petroleum as dark blue prisms (0-7 g.), m. p. 191°, Amax, 
430 my (Found: N, 12-9. C,,H,,O,N, requires N, 12-85%). 


TABLE 1. 5-(3-Ethyl-A-2-ylidene-ethylidene)-1-methyl-3-R'-2-thiohydantoins (I; m= 1, 
X = NMe), prepared from 2-2'-acetanilidovinyl heterocyclic quaternary salts and 2- 
thiohydantoins. 


Amax. 
(mp; Found (%) My 
No. Heterocycle A R’ Appearance M. p. MeOH) Formula N Ss N Ss 
Benzoxazoline Ph Orange * 52° 490 C,,H,,O,.N;S 11:1 86 15 8-5 
Benzothiazoline Ph Maroon ¢ 5 519 C,,H,,ON;S, 10-7 . —- 
Benzoxazoline Me Orange- 256 480 C,,H,,0O,N,5 13:4 — ‘ —_— 
red ¢ 
Benzothiazoline Me Maroon ¢ 35 518 C,.H,,ON;S, 12-7 2- 19-3 
Thiazolidine ¢ n-C,H,, Orange ? 3 469 C,,H,,ON,S, 11:8 . 
Benzoxazoline n-C,H,5 Orange ® 5 480 C,.H,.O.N,S 10:6 
Benzothiazoline x-C,H,, Red? 3 518 CysH.ON,;S, 10-1 
Benzothiazoline? Et Magenta 97 515 C,,H,;,ON,S, 11-7 
prisms ¢ 
Benzothiazoline Et Magenta : C,,H,,ON,S,/ 
leaflets ¢ 
Benzothiazoline cyclo-C,H,, Red i C.,H,;,ON;S, 
leaflets ? 
Bisbenzothiaz- -~CH,°CH,- Red 305 5245 C,,H;,0.N,S, 
oline leaflets * 
Bisthiazolidine -CH,°CH,- Orange- 4725 C,H 3,0.N 6S,q 
brown ‘ 
* From pyridine-methanol. * From ethanol. ¢ 3-Methyl analogue. ¢ X = 
benzene-light petroleum. ‘4 Found: C, 59-3; H, 5-5. ©C,,H,gON,S, requires C, { 
9 From benzene. * From pyridine. ‘ From nitrobenzene. / In pyridine. 


%) 


) 


5-(3-Ethylbenzothiazolin-2-ylidene-ethylidene) tetrvahydro-1-methyl-2-methylimino-4-0x0-3-phenyl- 
glyoxaline (IV; ring A = 3-ethyl-2-benzothiazoline, X = NMe, R’ = Ph, R” = Me).—Obtained 
from 5-(3-ethylbenzothiazolin-2-ylidene-ethylidene)-1-methyl-3-phenyl-2-thiohydantoin (Table 1, 
dye 2) (1-96 g.) and methyl toluene-p-sulphonate (0-93 g.) by fusion together for 2 hr. at 140°, 
followed by 10 minutes’ refluxing with methylamine (0-46 c.c. of 33% alcoholic solution), triethyl- 
amine (0-7 c.c.), and ethanol (10 c.c.), the dye recrystallized from pyridine—methanol as rust- 
coloured needles (1-1 g.), m. p. 190°, Amax, 506 my (Found: C, 67:6; H, 5-6; N, 14-4; S, 8:3. 
Cy,H,.ON,S requires C, 67:7; H, 5-6; N, 14-4; S, 8-2%). 
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5-(3-Ethylbenzoxazolin-2-ylidene-ethylidene)dihydro-1 : 3-dimethyl-2-methylamino-4-oxoglyoxal- 
inium Toluene-p-sulphonate.—Obtained from 5-(3-ethylbenzoxazolin-2-ylidene-ethvlidene)-1 : 3- 
dimethyl-2-thiohydantoin (Table 1, dye 3) (1-57 g.) and methyl toluene-p-sulphonate (0-93 g.) by 
fusion together for 90 min. at 140°, followed by 10 minutes’ refluxing with methylamine (0-46 c.c. 
of 33% alcoholic solution), triethylamine (0-7 c.c.), and ethanol (10 c.c.), the dye (1-8 g.) formed 
water-soluble, mustard-coloured leaflets, m. p. 211°, from ethanol-—ether, Amax. 537 mu (Found : 
N, 11-8; S, 6-7. C,4H2gO;N,S requires N, 11:6; S, 66%). On treatment of it with aqueous 
sodium carbonate, the free base (Amax, 433 my) was obtained, which was not purified owing to 
its instability. 

Ethyl «-(N-Dithioethoxycarbonyl-N-methylamino)-y-(3-ethylbenzoxazolin-2-ylidene) thiolcrotonate 
(benzoxazole analogue of VI; R = Me, R’ = Et).—The quaternary salt from 4-(3-ethylbenz- 
oxazolin-2-ylidene-ethylidene)-2-ethylthiothiazol-5-one (3-3 g.) and methyl sulphate (1-9 g.) 
was refluxed in ethanethiol (30 c.c.) with triethylamine (1-4 c.c.) for 2 hr. The solvent was 
removed, and a little ethanol added. The product (2-7 g.) obtained by chilling the solution 
recrystallized from ethyl acetate—light petroleum as orange prisms, m. p. 159°, Amax, 432 my 
(Found: C, 56-0; H, 6-0; N, 6-85; S, 23-3. C,,H,,O,N,S, requires C, 55-9; H, 5-9; N, 6-9; 
S, 23-5%). 

This ester was refluxed for periods up to 36 hr. with severally a molar quantity and an 
excess of methylamine and diethylamine in ethanol, also in the presence of triethylamine and of 
acetic acid, but no reaction took place. 

Ethyl «-(N-Dithioethoxycarbonyl-N-methylamino) -y-(3-ethylbenzothiazolin-2-ylidene)thiolcroton- 

ate (VI; R=Me, R’ = Et).—4-(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-2-ethylthio-3- 
methyl-5-oxothiazolinium methyl sulphate (III; R = Me, R’ = Et, Z = MeSOQ,) (2-37 g.) and 
triethylamine (0-7 c.c.) in ethanethiol (15 c.c.) were refluxed for 2hr. After cooling of the solution, 
the dye was filtered off (0-8 g.) and recrystallized from ethyl acetate—light petroleum as maroon 
prisms, m. p. 142°, Amax. 464 my (Found: N, 6-5; S, 29-9. C,,H,,ON,S, requires N, 6-6; S, 
30:2%). The same dye crystallized when the mother-liquor of preparations of trinuclear 
mevocyanines containing benzothiazole, 3-methylthiazolid-5-one, and thiazolid-4-one nuclei 
(Knott and Jeffreys, loc. cit.) was concentrated and kept for several days, and was purified as 
before. 
Reactions of 5-Oxothiazolinium meroCyanines with Primary Amines.—(i) The product from 
3-ethyl-4-(3-ethylbenzothiazolin-2-ylidene-ethylidene)-2-thiothiazolid-5-one (1-2 g.) and methyl 
toluene-p-sulphonate (0-65 g.), with ethylamine (0-45 c.c. of 33% ethanolic solution) and tri- 
ethylamine (0-5 c.c.) in ethanol (10 c.c.) were refluxed for 15 min. and then chilled. 1: 3- 
Diethyl-5-(3-ethylbenzothiazolin-2-ylidene-ethylidene)-2-thiohydantoin, which was filtered off, 
recrystallized from benzene-light petroleum as maroon leaflets, m. p. 197°. It was identical 
with dye 8, Table 1. When the mother-liquor was concentrated, methyl a-(N-dithiomethoxy- 
carbonyl-N-ethylamino)~y-(3-ethylbenzothiazolin-2-ylidene)thiolcrotonate (VI; R= Et, R’ = Me) 
crystallized, and was purified by repeated recrystallization from ligroin, as red prisms, 
m. p. 152°, Amax. 463 my (Found: N, 6-8; S, 31-1. C,sH,,ON,S, requires N, 6-8; S, 31-3%). 

(ii) 4-(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-2-ethylthio-5 - oxo-3-methylthiazolinium 
methosulphate (III; R= Me, R’ = Et, Z = MeSO,) (4:74 g.), and cyclohexylamine (1-0 g.) 
with triethylamine (1-4 c.c.) in ethanol (15 c.c.) were refluxed for 10 min. Addition of water to 
the solution precipitated a dye. This was extracted with ligroin. After several crystalliz- 
ations from benzene-light petroleum, ethyl y-(3-ethylbenzothiazolin-2-ylidene)-a-(3-cyclohexyl-1- 
methylthioureido)thiolcrotonate (VIIb; R = C,H,,) crystallized as a bright yellow powder, 
m. p. 198°, Amax, 426 my (e 5°6 x 104) (Found: N, 9-1; S, 21-0. C,3H3;,ON,S, requires N, 9-1; 
S, 20-8%). 

(iii) 4-(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-2-ethylthio-3-methyl-5-oxothiazolinium 
methosulphate (III; R = Me, R’ = Et, Z = MeSO,) (4:74 g.), and methylamine (1-0 c.c. of 
33% alcoholic solution), with triethylamine (1-4 c.c.) in ethanol (15 c.c.), were refluxed for 
10 min., and then chilled. 1 : 3-Dimethyl-5-(3-ethylbenzothiazolin-2-ylidene-ethylidene) -2-thio- 
hydantoin (Table 1, dye 4) was filtered off and recrystallized from benzene-light petroleum, as 
blue flakes, m. p. 235° (Found: C, 58-2; H, 5-1; N, 12:6; S, 19-4. Calc. for C,,H,,ON,S, : 
C, 58:0; H, 5-1; N, 12-7; S, 19-3%). The filtrate after concentration, yielded «-(N-di- 
thioethoxycarbonyl-N-methylamino)-y-(3-ethylbenzothiazolin-2-ylidene)-N-methylcrotonamide (VIIa ; 
R = Me, R’ = Et), which recrystallized from ethyl acetate-light petroleum as orange-brown 
prisms, m. p. 184° (decomp.) (Found: N, 10:8; S, 24:4. C,,H,,;ON,S, requires N, 10-7; S, 
244%). Immediately after dissolution in methanol, it had A,,x, 462 my (e 5-8 x 104). The 
solution remained stable in darkness, or if acidified with acetic acid. However, in sunlight, or 
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in the presence of triethylamine, the dye cyclized in 24 hr. with evolution of ethanethiol, forming 
5-(3-ethylbenzothiazolin-2-ylidene-ethylidene)-1 : 3-dimethyl-2-thiohydantoin, identified by a 
mixed m. p. determination with an authentic sample. 

2-A nilo-4-(3-ethylbenzothiazolin-2-ylidene-ethylidene)-3-methylthiazolid-5-one (VIII; R = Me, 
R’ = Ph).—4-(3-Ethylbenzothiazolin-2-ylidene-ethylidene) -2-ethylthio-3-methyl-5-oxothiazol- 
inium methyl sulphate (III; R = Me, R’ = Et, Z = MeSO,) (2°37 g.) with aniline (0-47 g.) and 
triethylamine (0-7 c.c.) in ethanol (10 c.c.) were refluxed for 20 min. Whilst the solution was 
still refluxing the dye crystallized. It recrystallized from benzene-light petroleum as steel-blue 
needles, m. p. 244°, Amax, 520 my (Found: C, 63-9; H, 4-7; N, 10-6; S, 16-3. C,,H,,ON;S, 
requires C, 64-2; H, 4:8; N, 10-7; S, 16-3%). 

The dye (0-2 g.) in pyridine (10 c.c.) and 2N-sodium carbonate solution (5 c.c.) was heated for 
lhr. on the steam-bath. Adding water (30 c.c.) to the cooled solution precipitated a dye. This 
recrystallized from pyridine-methanol as maroon needles (0-15 g.), m. p. 275°, identical 
with 5-(3-ethylbenzothiazolin-2-ylidene-ethylidene)-1-methyl-3-phenyl-2-thiohydantoin (Table 1, 
dye 2). 


TABLE 2. 2-Substituted 5-(3-ethyl-A-2-ylidene-ethylidene)-3-phenylthiazolid-4-ones 
(I; #8 = 1, X = S, R’ = Ph). 


Amax. 


Found 
(my; (% 
Heterocycle A Appearance M.p. MeOH) Formula 
Benzoxazoline Maroon leaflets’ 259° 490 C,,H,,O;N;S, 
4: 5-Diphenyloxazoline Red prisms * 249 510 C.,H.20,N,S, 
From 2-anilo-3-phenylthiazolid-4-one (IV; X = S, R’ = R” = Ph) 

Benzoxazoline Orange leaflets* 232° 430 C,,.H,,0.N;S 

4: 5-Diphenyloxazoline Red? 268 470 C.4H,,0,N,5 

* From benzene-light petroleum. * From pyridine—light petroleum. ¢ Brooker et al. (J. Amer. 
Chem. Soc., 1951, 78, 5326) give m. p. 236—239° (from ethanol). Dyes 15 and 16 were also prepared 
by quaternization of 13 and 14 with methyl sulphate, followed by treatment with aniline and triethyl- 
amine in ethanol. ¢ Found: S, 5-9. Reqd.: S = 5-9 


TABLE 3. «-Amino(thiolcrotonates) derived from 5-oxothiazolintum merocyanines 
and primary amines 


in OC*SR’ 
i oA weer 
\ =CH’CH:C’-NR”CS,R’, 

ya 2 
R Ama.. 7 Required 
, (my ; (%) 
No. Heterocycle A R’ R” M.p. MeOH) Formula NS 
17*¢ 3-Ethylthiazolidin-2-ylidene Me Et 143° 420 C,,H..ON,S, 
18¢4 3-Methylthiazolidin-2-ylidene Me cyclo- 198 412 C,,H,ON.S, 

CH, 
19*¢ 3-Methylthiazolidin-2-ylidene Et Et 202 424 C,,H,,ON,S, 7: 
20%¢ 3-Ethylbenzothiazolin-2-ylidene Me Me 160 464 C,,H,ON.S, - 
21%¢* 1-Ethyldihydroquinolin-4-ylidene Me Me 195 561 C,,H,.ON,S, 
* From ethanol. * From benzene-light petroleum. ¢* Yellow. ¢% Orange prisms. ¢* Copper- 

coloured plates. 


TABLE 4. 2-Thiohydantoin dyes derived from 5-oxothiazolinium merocyanines 
and primary amines (I; m = 1, X = NR”). 

Heterocycle A Appearance M. p.  Amax. (Mp, MeOH) 
3-Methylthiazolidin-2-ylidene , Orange * 173° Identical with Dye 5 
3-Ethylbenzoxazolin-2-ylidene Orange * 164 Identical with Dye 6 
3-Ethylbenzoxazolin-2-ylidene Yellow ¢ 108 485 
3-Ethylbenzoxazolin-2-ylidene Yellow ¢ 128 484 
3-Ethylbenzothiazolin-2-ylidene t Me Magenta leaflets’ 214 Identical with Dye 9 
3-Ethylbenzothiazolin-2-ylidene Red * 165 Identical with Dye 7 


_ * From ethanol. * From benzene-light petroleum. ¢ Found: N, 8-9. C,H 3,0,N,S requires 
N, 90%. # Found: N, 7:5. C33H,;,0,N,S requires N, 7-6%. 


i] 


» 
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Ethylenebis-2-imino-4-(3-ethylthiazolidin-2-ylidene -ethylidene) - 3 - methylthiazolid -5-one.—The 
product obtained by fusing 4-(3-ethylthiazolidin-2-ylidene-ethylidene)-3-methyl-2-thiothiazolid- 
5-one (1-43 g.) and methyl toluene-p-sulphonate (0-93 g.) for $ hr. at 130° was dissolved in 
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ethanol (10 c.c.). Ethylenediamine (0-15 g.) and triethylamine (0-7 c.c.) were added. After 
20 minutes’ refluxing the solution was cooled, and the dye filtered off and washed with ethanol. 
It recrystallized from pyridine as orange-red needles, m. p. 244°, Amax, 488 my in pyridine 
(Found: S, 22-7. C,,H3,0,N,S, requires S, 22-7%). This dye (0-2 g.) in pyridine (20 c.c.) and 
2n-sodium carbonate solution (10 c.c.) was heated for 1 hr. on the steam-bath. Water (40 c.c.) 
was added to the cooled solution, and the product was filtered off and recrystallized from nitro- 
benzene as orange-brown needles (0-15 g.), m. p. >360°. It was identical with dye 12, Table 1. 

4-(3-Ethylbenzothiazolin-2-ylidene-ethylidene)-3-methylthiazolid-2 : 5-dione (XIV).—4-(3-Ethyl- 
benzothiazolin-2-ylidene-ethylidene) -2-ethylthio-3-methyl-5-oxothiazolinium methyl sulphate 
(III; R = Me, R’ = Et, Z = MeSO,) (2-37 g.) with triethylamine (0-7 c.c.) in ethanol (15 c.c.) 
were refluxed for 15 min., and the solution was chilled and filtered. The dye, in poor yield, 
recrystallized from methanol as blue prisms, m. p. 208°, Amax, 505 my (Found: N, 8-8; S, 20-2. 
C,5H,,0,N,S, requires N, 8-8; S, 20-1%). 

Other Products.—Results of experiments similar to the above are recorded in Tables 3 and 4. 


The author is indebted to Dr. E. B. Knott for the preparation of dyes 5, 6, 7, 19, 24, and 25, 
and to Mr. A. Pilbeam for the preparation of some intermediates. 


Messrs. KopAak LIMITED, 
Harrow, MIDDLESEX. [Received, July 18th, 1953.} 


Studies on Bond Type in Certain Cobalt Complex Compounds. Part IV.* 
The Exchange Reactions of Quadridentate Complexes. 


By B. O. West. 
. [Reprint Order No. 4523.] 


Both NWN’-disalicylidene-ethylenediaminecobalt(11) and NWN’-disalicyl- 
idene-o-phenylenediaminecobalt(11) undergo exchange with cobaltous ions 
in pyridine solution. The mechanism of exchange has been shown for the 
latter compound to be probably due to a collision process. Some attempt 
is made to explain the differences between the ease of exchange of these 
compounds and those of other metals. 


In Part I (J., 1952, 3115) the results of exchange studies on several cobalt complexes 
were presented. Two complexes of the quadridentate, chelate type have now been 
examined, viz., NWN’-disalicylidene-ethylenediaminecobalt and NWN’-disalicylidene-o- 
phenylenediaminecobalt. Owing to the ability of such compounds to absorb oxygen 
(Calvin, Bailes, and Wilmarth, J. Amer. Chem. Soc., 1946, 68, 2254), the investigations 
were carried out under nitrogen. 

NN’-Disalicylidene-ethylenediaminecobalt(1)—The data obtained for this compound 
are shown in Table 1. Exchange was found to be immeasurably fast at 30° with 1-21 x 
10-°m-complex and 8-5 x 10-m-cobalt acetate, while a measurable rate was observed 
at 15° with 9-1 x 10-°m-complex and 8-5 x 10°m-cobalt acetate. A plot of log (100 — % 
exchange) against time (Fig. 1) for the data at 15° shows the expected first-order rate curve 
for the appearance of activity in the complex. 


TABLE 1. The exchange of cobalt ions with disalicylidene-ethylenediaminecobalt(1) in 
pyridine solution in the absence of oxygen. 
Concns. (M) after mixing : 
Complex Cobalt acetate Temp. 
1-21 x 107 5-7 x 10° 30° + 0-1° Complete exchange in <6 min. 
9:1 x 10° 8-5 x 10-5 15 +01 ty 195 ,, 


When oxygen was in contact with the deep red solution of this complex a rapid change 
to brown occurred. When this solution was extracted with chloroform and water the 
brown colour was removed almost completely into the aqueous layer. The addition of 


* Part III, J., 1952, 4727. 
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aqueous ammonium thiocyanate to the brown pyridine solution failed to produce any 
precipitate. Treatment of a pyridine solution of cobalt acetate with the reagent, however, 
precipitated Co(CNS),py, (py = pyridine) quantitatively. This was used to effect a 
separation of the oxygenated complex and cobalt acetate when one run was performed to 
discover the exchange capability of this complex. The results are given in Table 2. 


The exchange of cobalt ions with NN’-disalicylidene-ethylenediaminecobalt(i1) 


TABLE 2. 
[Chelate = 0-0346m ; Co(OAc), = 0-017M 


in pyridine in the presence of oxygen at 15°. 
before mixing. ] 
Activity 
(counts/mun.) Reaction Exchange, 
Chelate Cobalt time, min. V/ 


180-7 412-8 6 : 315-0 
233-2 374°7 32 es 334-0 261-6 


Activity 
(counts/min. ) Reaction Exchange, 
Chelate Cobalt time, hr. 
295-7 3-7 
5-5 


The results show that slow exchange took place, and a plot of log (100 — % exchange) 
against time (Fig. 2) showed a “ zero-time”’ exchange of 43%. Although a further 
investigation of this system was not made, it appears that the substance undergoing slow 
exchange was formed by the interaction of oxygen and disalicylidene-ethylenediamine- 
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cobalt since, in the absence of oxygen, exchange should have been very rapid at the 
concentrations studied (cf. Table 1). 

The identity of the substance (or substances) undergoing slow exchange has not been 
discovered, but it would seem to be either an “ oxygenated’’ molecule of the form 
(chelate)(O,) or (chelate),(O,) or a cobaltic complex of salicylidene-ethylenediamine, ¢.g., 
Co[C1gH,,O2Ne|*; or, indeed, a mixture of all these complexes may exist, each of which 
undergoes slow exchange. Calvin and Harle (J. Amer. Chem. Soc., 1946, 68, 2612), from 
their investigations of oxygen uptake by solutions of cobalt complexes similar to the 
ethylenediamine compound, suggested that such compounds as those mentioned above 
may all be formed in the same solution. 

To explain the “‘ zero-time ”’ exchange, one can only suggest a “‘ separation-induced ”’ 
exchange. A more detailed investigation is required for a full understanding of the 
behaviour of this system. 

NN’-Disalicylidene-o-phenylenediaminecobalt().—The results for this compound are 
shown in Table 3. Runs over a ten-fold range of concentration have been carried out 
at 15° in order to examine the concentration dependence of the rate of exchange. The 
appearance of activity in the complex followed the expected first-order law in each case. 
This is shown by the straight-line plots of log (100 — °% exchange) against time (Figs. 3 
and 4). The half-times (¢,) of exchange when plotted against 1/concn. also give a straight 
line (Fig. 5), This indicates that the exchange process proceeds by a second-order reaction. 
The most probable mechanism involves a collision between a cobalt ion and a molecule 
of the complex. This mechanism has also been suggested by Calvin and Duffield (/. 
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Amer. Chem. Soc., 1946, 68, 557) as operating in the exchange of copper ions with analogous 
copper complexes in pyridine solution. From the runs at 15°, 25°, and 35° an energy of 
activation of approximately 17 kcal. was found. 


TABLE 3. 
Concen. (mM) of complex and Concn. (mM) of complex and 
cobalt acetate before mixing smp. ,min. cobalt acetate before mixing 
0-017 5° -+ O- 0-0017 
0-0147 + 0- é 0-017 
0-0085 - 0 0-017 
0-00425 5 - 
Discussion.—The magnetic susceptibilities measured by Bakelew and Calvin (ibid., 
p. 2267) show that each of the two cobalt complexes possesses one unpaired electron. 
This indicates square-bonded, planar structures with the cobalt utilising 3d3sp? hybrid 
orbitals in bond formation. Since these hybrid orbitals are expected to form strong 
bonds (Pauling, “‘ Nature of the Chemical Bond,” Cornell University Press, New York, 
1948, p. 98) one might expect that the complexes would exert considerable resistance to 
the replacement of their central metal atoms, 7.e., that the rate of exchange should be 
slow, even at relatively high concentrations. This is not at all obvious from the present 
Fic. 5. The relation between half-time and 1/con- 
centration for the exchange of NN’-disalicyl- 
idene-o-phenylenediaminecobait. 
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study, both complexes undergoing rapid exchange though the o-phenylenediamine com- 
pound seems to be the more resistant 

This suggests that other factors besides the bonding orbitals used by a metal in complex 
formation considerably influence the stability of the resulting compounds. A consideration 
of the analogous copper complexes and of bis-salicylideneaniline copper is of interest in 
this respect. Each of these three compounds has been shown by Stackelberg (Z. anorg. 
Chem., 1947, 258, 136) to have a planar distribution of Cu-O and Cu-N bonds. This 
implies the use of square-bonding, 344sf* hybrid orbitals by the copper ions. Calvin and 
Duffield (loc. cit.) have found considerable differences in the rates of exchange of these 
three compounds under similar conditions. The aniline complex exchanged immeasurably 
rapidly, while the ethylenediamine and o-phenylenediamine complexes exchanged with 
half-times of 2-1 hr. and more than 4 hr. respectively. 

If we use the ability to exchange as a measure of the stability of these complexes, then 
one factor which can be related to the increased stability of the quadridentate over the 
bidentate complexes is the increased number of chelate rings formed by the complexing 
agents of the former class. This stabilising effect has been amply demonstrated in a 
quantitative manner by determinations of instability constants, the results being reviewed 
by Burkin (Quart. Reviews, 1951, 5, 10). 

The difference in the ease of exchange of the ethylenediamine and o-phenylenediamine 
complexes for both copper and cobalt must then be related to some property of the chelating 
molecules themselves in addition to effects due to the metals themselves. A comparison 
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of the two compounds (I) and (II) shows that ring 2 in the o-phenylenediamine complex 


has a C-C link which is part of an aromatic ring system. Calvin and Wilson (J. Amer. 
Chem. Soc., 1945, 67, 2003) have suggested that the stabilities of metal complexes (in 
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particular cupric complexes) with hydroxy-aldehydes are related to the degree of resonance 
permitted in the chelate rings formed by such ligands. For (I) and (II) rings 1 and 3 
are analogous to those discussed by Calvin and Wilson, but in (II) are connected by the 
ring system 2 which may be considered as a resonating system because of its aromatic 
C-C link; i.e., the o-phenylenediamine complex can be considered as a conjugated ring 
system and is expected therefore to be stabilised more than the ethylenediamine complex, 
where no such conjugation of chelate rings is possible owing to the single C-C linkage 
in ring 2. 

Finally, a comparison of the relative ease of replacement of Cu, Ni, Co, and Zn ions 
with their disalicylidene-ethylenediamine and -o-phenylenediamine complexes is of 
interest. The copper derivatives have been examined by Calvin and Duffield (loc. cit.), 
the nickel derivatives by Hall and Willeford (J. Amer. Chem. Soc., 1951, 78, 5419), and 
the zinc derivatives by Atkins and Garner (ibid., 1952, 74, 3527), all in pyridine at con- 
centrations and temperatures similar to those used in the present work. 

Mellor and Maley (Nature, 1948, 161, 436) and Irving and Williams (7bid., 1948, 162, 
746) have established, independently, that the stabilities of many chelate complexes of 
metals of the first transition series increase in the order Co<Ni<Cu>Zn, zinc complexes 
being somewhat less stable than those of cobalt. If the occurrence of exchange were 
directly reconcilable with stability, one would expect that the nickel complexes should 
exchange with nickel ions at rates intermediate between those of copper and cobalt with 
their respective ions while zinc complexes would exchange at rates faster than any of 
these metals. A comparison of the half-times for exchange of the various compounds 
studied (Table 4) shows that although the Cu, Co, and Zn compounds appear to fit into the 
expected order, the nickel compounds show no evidence of exchange under any of the 


TABLE 4. The exchange of metal ions with metal—chelate complexes of NN‘-disalicylidene- 
ethylenediamine and NN'-disalicylidene-o-phenylenediamine. 
NN’-Disalicylidene-ethylenediamine. 
Metal Ni? Zn 4 
Concn.,M ... “O15 0-01 ; 0-01 
25° room f 25° 
No exchange after 48 hr. Complete in 6 min. Complete in 0-5 min, 
NN’-Disalicylidene-o-phenylenediamine. 
Ni? 
0-01 
room f f 
No exchange after 48 hr. 30 Min. 99% in 0-5 min. 


1 Calvin and Duffield, Joc. cit. * Hall and Willeford, Joc. cit. * Present work. * Atkins and 
Garner, loc. cit. 


conditions so far studied. Similar non-exchange was observed by Hall and Willeford 
for nickel complexes in ‘“‘ methyl-cellosolve.” There seems to be no a priori reason why 
nickel should form more stable complexes of the type under discussion than copper. In 
fact, Glaser, Pfeiffer, and Thielert (J. pr. Chem., 1939, 152, 145) have found that copper 
ions will readily exchange with NN’-disalicylidene-ethylenediamine in pyridine solution. 
A possible explanation of this anomaly may lie in differences in solvation among the metal 
ions in pyridine solution (cf. Atkins and Garner, Joc. cit.). 
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Unfortunately, no direct experimental determination of the formation constants of 
the various metal-pyridine complexes appears to have been made, although Mellor and 
Maley (Nature, 1947, 159, 370) have quoted overall stability constants for ‘‘ hexaco- 
ordinate ’”’ pyridine complexes of copper and nickel which indicate that copper forms the 
more stable complex. Bjerrum (‘‘ Metal Ammine Formation in Aqueous Solution,” Haase, 
Copenhagen, 1941, p. 109) has, however, observed that a maximum of four ammonia 
molecules can be attached strongly to a copper ion, a fifth group being attached but 
weakly. Nickel (idem, op. cit., p. 189) can attach six ammonia groups with almost equal 
strength. It seems probable therefore that only four pyridine molecules would be attached 
firmly to a copper ion, a fifth and a sixth group being attached very weakly. Nickel, on 
the other hand, may be supposed by analogy to bind six pyridine molecules equally 
strongly. The cobaltous ion appears to attach a sixth ammonia group much less strongly 
than the other five (idem, op. cit., p. 189) even when the formation constants are recalculated 
to allow for the statistical effect of ligand attachment. Zinc ions appear to attach four 
groups only, with equal facility (idem, op. cit., p. 160). 

Thus, exchange of the complexed nickel ions may be prevented by pyridine molecules, 
surrounding the “ free’ nickel ions in solution and preventing direct collision between 
the two species. For the other ions having a smaller number of solvent molecules attached 
or having some of the attached molecules more weakly bound than others, the appropriate 
collisions may occur with greater ease. 


EXPERIMENTAL 


Exchange Technique.—In order to carry out the investigations in the absence of oxygen, 
a simple apparatus was constructed which consisted of a reaction flask, fitted with a ground- 
glass head bearing an inlet for nitrogen and an outlet connected to a burette. Samples of the 
reaction mixture could be forced into the burette by nitrogen pressure when required, and from 
there could be removed directly into a separating funnel containing 14 c.c. of oxygen-free 
chloroform and 14 c.c. of oxygen-free water. The funnel was then stoppered, and the contents 
vigorously shaken. Each layer was removed and made up to 50 c.c. with ethanol. Aliquot 
portions of these solutions were counted in solution-counters. The reaction mixture was 
prepared as follows: a measured volume of pyridine was placed in the reaction flask, and 
nitrogen passed through the solution for 30 min. A weighed sample of the complex in a small 
glass tube, sufficient to give the appropriate concentration, was then dropped into the pyridine. 
When the solid had dissolved, an appropriate volume of ®Co-labelled cobalt acetate solution 
in pyridine was added. The time of addition of half the cobalt solution was taken as zero time, 
and aliquot parts of the reaction mixture were removed at intervals. For the runs with 
disalicylidene-ethylenediaminecobalt conducted in the presence of oxygen the same apparatus 
and technique were used except that oxygen was bubbled through the solutions instead of 
nitrogen. Aliquot portions were removed by oxygen pressure and allowed to run directly 
into 10 c.c. of 20% aqueous ammonium thiocyanate, and the mixture stirred to aid flocculation. 
The pink precipitate was collected on a fine-glass filter, washed with 2 c.c. of cold water, and 
dissolved in the funnel with acetone. The filtrate containing the oxygenated product was 
made up to 50 c.c. with acetone for counting. 

Radioactive Cobalt.—Solutions containing ®Co-labelled cobalt acetate were prepared as 
described in Part I (loc. cit.). 

Determination of Cobalt.—In order to allow for incomplete separation of the reaction 
components the total cobalt in each layer was determined after extraction. The nitroso-R 
salt colorimetric procedure (Dewey and Marston, personal communication) was used, 10-c.c. 
portions of the extracts being evaporated to dryness and ignited, and the residues converted 
into cobalt sulphate ready for treatment with the complexing agent. A standard extraction 
was performed with each solution of cobalt acetate used in order to determine the amount of 
cobalt removed into the chloroform layer. The latter determinations, together with the overall 
distribution of cobalt obtained by analysis of the extracts from each run, enabled corrected 
activities to be calculated. 

NN’-Disalicylidene-ethylenediaminecobalt(11) (cf. Calvin and Bailes, J. Amer. Chem. Soc., 
1947, 69, 1886).—Disalicylidene-ethylenediamine (1-3 g., 1 mol.) was dissolved in ethyl alcohol 
(30 c.c.) kept just below its b. p., and nitrogen bubbled through the solution continuously. 
Cobalt acetate tetrahydrate (1-2 g., 1 mol.) was boiled with ethyl alcohol until all the crystalline 
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solid had been converted into a pink amorphous powder, and the mixture swept out with 
nitrogen and added to the solution of base. The solid rapidly dissolved, giving a deep red 
solution which was heated for a further 15 min. with continuous passage of nitrogen. On 
cooling, the solution deposited small violet-brown prisms (1-2 g.) which were filtered off and 
dried in a vacuum-desiccator. The substance did not gain in weight on exposure to the 
atmosphere for 3 months, showing that it did not absorb oxygen when prepared in this manner. 
It was analysed without recrystallisation, since oxygen was absorbed rapidly by its solutions in 
all solvents [Found: C, 58-7; H, 4:4; Co, 18-3 (colorimetrically). Calc. for C,gH,,O,N,Co: 
C, 59-1; H, 4:3; Co, 18-1%]. 

NN’-Disalicylidene-o-phenylenediaminecobalt(11)—The method used was that described 
above, with the base (1-6 g., 1 mol.) in ethanol (80 c.c.) and cobalt acetate tetrahydrate (1-25 
g., 1 mol.) in ethanol. On mixing, the cobalt salt dissolved, and after several minutes’ heat- 
ing of the deep red solution on the water-bath a feathery, violet-coloured precipitate appeared. 
The mixture was heated for a further 15 min. and then allowed to cool. The product was 
filtered off; when kept at room temperature it slowly lost weight, the colour changing to 
reddish-violet, and the odour of ethyl alcohol being noticeable. A freshly prepared sample, 
heated in vacuo at 70° for 8 hr., became brick-red in colour and lost 10-2% in weight 
(Cy)H,,O,N,Co,C,H,O requires loss, 11-0%). Better concordance of weight loss could not 
be obtained since alcohol was lost as soon as the mother-liquor was removed from the crystals. 
For the exchange work the red form was prepared from the violet by heating it at 70° over 
paraffin in a vacuum [Found: C, 64:0; H, 3-95; Co, 15-7 (colorimetrically). Cy9H,4O,N,Co 
requires C, 64:3; H, 3-8; Co, 15-8%]. The compound showed no tendency to absorb oxygen 
on exposure to air. 


The author thanks Dr. J. P. E. Human for the construction of the apparatus used in studying 
exchange under nitrogen. Microanalyses were performed by the C.S.I.R.O. Microanalytical 
Laboratory, Melbourne. 
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The Homolytic Nitration of Quinoline with Pernitrous Acid. 
By J. R. LAvILLE and WILLIAM A. WATERS. 
[Reprint Order No. 4661.] 


The decomposition of pernitrous acid in aqueous acid effects the nitration 
of quinoline in the 6- and the 7-position. This accords with the view that 
homolytic aromatic substitution initially involves the addition of radicals to 
the aromatic nucleus and not direct replacement of hydrogen. 


HALFPENNY and Rosinson (J., 1952, 928, 939) have shown that pernitrous acid, which 
spontaneously decomposes to give free radicals capable of initiating vinyl polymerisation, 
HO-0:N:O0 ——» HO: + :O-N'O ——» HNO, 
can effect concurrent nitration and hydroxylation of aromatic liquids emulsified in dilute 
aqueous acid. In view of the natures of their reaction products they suggested that these 
aromatic substitutions were homolytic processes involving the successive additions of -OH 
and *NO, radicals to the aromatic nucleus and not the immediate abstraction of nuclear 
hydrogen by hydroxyl (compare Waters, Discuss. Faraday Soc., 1953, 14, 247; Ann. 
Reports, 1952, 49, 122). Only small percentage yields of substitution products can be 
obtained by their procedure. This must be due mainly to the rapid recombination of 
vicinally produced OH and *NO, radicals and not to the use of a two-phase system, since a 
further examination of the substitution of benzene has shown that addition of acetic acid 
to increase the solubility of the aromatic compound in the aqueous phase has little 
noticeable effect until the final reaction mixture contains at least 50° of acetic acid. In 
such solutions the reactivity of OH may be reduced considerably by radical transfer with 
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acetic acid molecules (Merz and Waters, J., 1949, S 15) and, except that it does comprise a 
suitable buffer for regulating the rate of formation of pernitrous acid, the use of large 
quantities of acetic acid is undesirable for obvious practical reasons. The choice of other 
co-solvents is limited on account of the oxidising actions of hydroxy! radicals: alcohols, 
diethyl ether, and dioxan are attacked by decomposing pernitrous acid. 

In view of these practical limitations to the study of reactions between pernitrous acid 
and aromatic compounds, the substitution of quinoline in aqueous acetic acid has been 
investigated, and a search has been made for reaction products diagnostic of the mode of 
attack on its benzenoid ring. The main reaction product is a brown alkali-soluble mixture, 
probably resulting from degradative oxidation of the pyridyl ring. No pure products 
could be isolated from this. The alkali-insoluble material contains, besides much un- 
changed quinoline, small amounts of both 6- and 7-nitroquinoline, which were isolated 
chromatographically and identified by comparison with authentic products of Skraup 
syntheses. No trace of either 5- or 8-nitroquinoline could be found. The latter are the 
normal products of heterolytic nitration of quinoline with nitric-sulphuric acid: their 
6- and 7-substituted isomers are not formed under these conditions. 

The isolation of only the two isomers in which the nitro-group occupies the deactivated 
-positions in the benzenoid ring is, however, in full accord with the homolytic addition 
mechanism of Halfpenny and Robinson. Presumably, free hydroxyl radicals initially 
add to a-positions (compare the reactions between benzoyl peroxide and naphthalene 
derivatives: Dannley and Gippin, J. Amer. Chem. Soc., 1952, 74, 332) and thereby open 
up adjacent $-positions to combination of -NO,; thus: 


HO 
HO, 7H H 


HO NO, H 4 A se RA 
¥ v4 ‘ NS om S39 tf 
+ le Se C fj ——» N% y | 


Quinoline + -OH ——> | 
\/\n7 YQ A\nZ Y\/\n7 

Vicinal addition seems to be favoured, but this appears to be usual with free radicals. 

It may be noted that Schorigin and Topchiev (Ber., 1936, 69, 1874) obtained 7-nitro- 
quinoline by the action of nitrogen peroxide on quinoline at 100°, and that Bacharach, 
Haut, and Caroline (Rec. Trav. chim., 1933, 52, 413) also obtained this isomer by using a 
nitrating agent which is prone to form free nitrogen peroxide. Homolytic additions of 
*NO, radicals to quinoline may perhaps occur in both these instances. 


EXPERIMENTAL 


Oxidations with Pernitrous Acid.—N-Sodium nitrite solution (30 c.c.) was added dropwise 
with shaking to methanol (5 c.c.) in water (50 c.c.) and hydrogen peroxide (20 c.c. of 6%), 
slightly acidified with sulphuric acid (2 c.c. of 2N). When admixture was complete, further 
equal volumes of hydrogen peroxide and sodium nitrite solutions were added in the same way. 
The solution was then warmed and volatile products were sucked by a slow stream of air into a 
little distilled water. Spot tests and the dimedone reaction established the production of 
formaldehyde. Oxidations also followed the simultaneous dropwise additions of sodium 
nitrite and hydrogen peroxide solutions to methanol in 75% acetic acid. No formaldehyde 
could be detected after addition of hydrogen peroxide, sodium nitrite, or dilute nitric acid 
individually to similarly weakly-acidified aqueous methanol. 

Corresponding oxidations were effected with ethanol, m- and iso-propanol, tert.-butanol, 
ethylene glycol, diethyl ether, and dioxan, the oxidation products, which were identified as 
described by Merz and Waters (loc. cit.), being those resulting from the action of hydroxyl 
radicals. 

Modifications of Procedure for Aromatic Nitration.—Repetition of the exact procedure of 
Halfpenny and Robinson (loc. cit.) gave a conversion into nitrobenzene of 0-4% of the benzene 
originally taken and 4% of the sodium nitrite: much benzene could of course be recovered. 
No increase of yields followed replacement of water by 25% acetic acid. The optimum yields 
of nitrobenzene (4.5% of benzene taken = 25% of benzene not recovered; 6% of sodium 
nitrite taken) were obtained by the simultaneous slow drop-wise additions of hydrogen peroxide 
(100-vol.; 80 c.c.) and concentrated aqueous sodium nitrite (30 g. in 40 c.c. of water) to a well- 
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stirred solution of benzene (50 c.c.) in glacial acetic acid (200 c.c.) and water (80 c.c.), temperature 
rise above 35° being prevented by external cooling. 

On addition of hydrogen peroxide and sodium nitrite to this concentration of acetic acid the 
yellow colour of pernitrous acid appears immediately and fades after about 2sec. No additional 
mineral acid need be used. Blank experiments verified that the dilute nitric acid resulting 
from the foregoing reaction does not nitrate benzene. Acetic acid of similar concentration did 
not noticeably increase the yield in a corresponding nitration of chlorobenzene and was of little 
value for the nitration of naphthalene or for attack on cyclohexane. 

Nitration of Quinoline.—Best yields were obtained by use of cold concentrated solutions 
containing just enough acid to prevent hydrolysis of quinolinium salt at any stage of the 
reaction. 

Colourless quinoline (100 c.c.), purified by distillation under reduced pressure and subsequent 
passage through activated alumina, was dissolved in a mixture of acetic acid (16 c.c.), sulphuric 
acid (10 c.c.), and water (80 c.c.) and stirred in a three-necked flask cooled in ice. Solutions of 
hydrogen peroxide (120 c.c. of 100-vol. diluted with 20 c.c. of water and 3 c.c. of concentrated 
sulphuric acid) and sodium nitrite (48 g. in 140 c.c. of water) were simultaneously added drop- 
wise at equal rates during 2 hr., the peroxide being initially in very slight excess. Sodium 
hydroxide solution (30%) was then added until the mixture became neutral to Congo-red, and 
then saturated potassium carbonate solution until the mixture was neutral to litmus. The 
quinoline phase was separated, and the remainder extracted with benzene. The quinoline and 
extracts were shaken with sodium hydroxide solution (30%) to remove phenolic products, 
solvent and unchanged quinoline were removed under diminished pressure, and the dark residue 
(4 g.) in benzene (25 c.c.) was adsorbed on a 3-foot alumina column. This was eluted with 
benzene-light petroleum (1:1; b. p. 60—80°). Pale yellow material moved down the column, 
following a little unchanged quinoline, and, when viewed with ultra-violet light was seen to have 
separated: into three main light-sensitive bands. After extrusion of the alumina, the contents 
of each of the three bands were extracted with alcohol and examined separately by further 
chromatography and eventual crystallisation. The first band gave 0-01 g. only of a pale yellow 
solid, m. p. 149—157°, probably consisting of dinitroquinolines (Found: C, 47:3; H, 3-2. 
Calc. for C,;H;0,N,: C, 50-2; H, 2-3%). There was too little for complete purification. 

The second band gave 0-38 g. of white feathery crystals of 6-nitroquinoline, m. p. 148— 
150° unchanged after admixture with authentic material (m. p. 150—151°) prepared from 
p-nitroaniline by the Skraup reaction (Found : C, 62-3; H, 3-5; N, 15-8. Calc. for C,H,O,N, : 
C, 62-1; H, 3-5; N, 16-1%). The third band gave 0-39 g. of 7-nitroquinoline, m. p. 131—132°, 
identical with material (same m. p.) prepared from m-nitroaniline by the Skraup reaction. 
Repeated elution of the original alumina column, as well as chromatography of mother-liquors, 
failed to separate any trace of other nitroquinoline isomers. The identities of the 6- and 7-nitro- 
quinoline were confirmed by comparative measurements of their infra-red spectra, using paraffin 
pastes. The distinctive absorption bands of these spectra are listed below. 


Infra-red spectra of 6- and 7-nitroquinoline. 
6-Nitroquinoline 7-Nitroquinoline 6-Nitroquinoline 7-Nitroquinoline 
Ap vom s* Ap weet de® en oyeomsr I* Vp oem) .2* 
6-17 1621 6-17 1621 9-27 1079 9-35 1070 
6-23 1606 6-26 1597 9-74 1026 9-73 1028 
6-59 1514 6-59 1514 s 10-12 988 7 10-07 994 
1490 6-70 1493 10-51 952 10-50 952 
1428 6-99 1432 11-10 901 ‘ 11-04 906 
1373 7-2 1373 11-17 896 
1351 7:37 1351 11-74 852 s 11-84 845 
1341 7-49 1335 12-38 808 12-41 806 
1321 7-57 1321 12-53 798 12-57 791 
1138 8-78 1139 12-66 781 
1116 8-88 1126 12-89 776 12-97 770 
13-60 735 5 13-56 738 


* J = intensity; s = strong; m = medium; w = weak intensity. 


eo, eAeareg ger e 


It is significant that, although the characteristic frequencies for bond stretching are almost 
identical throughout the whole range of 6—8 u, yet the bending frequencies, though still 
similar, have systematic wave-length differences of 0:05—0-1 p. The absorption in the 8-5— 
14 » wave-band is confined to the few very sharply marked positions noted in the Table. 
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Attempts were made to isolate phenolic products from the aqueous phase. Extraction, 
after acidification to pH 6, gave 0-5 g. of dark viscous oil which did not contain any of the 
known sparingly-soluble hydroxyquinolines. Concentration, followed by acidification to 
Congo-red, gave a brown powder (ca. 5 g.), moderately soluble in water and easily soluble in 
both weak acid or weak alkali such as ammonia, which tarred when dried and decomposed when 
vacuum-distillation was attempted. Benzoylation and methylation (Me,SO,) in alkali both 
failed to yield tractable products. 

A corresponding reaction with pyridine gave similar intractable material. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, September 18th, 1953.] 


The Preparation and Properties of 
1:2:3: 4-T'etrahydro-1-methyl-4-oxoquinoline. 
[Reprint Order No. 4668.] 
By Joun A. C. ALLIson, JoHN T. BRAUNHOLTZ, and FREDERICK G. MANN. 


The critical conditions under which the above compound can be prepared 
by the cyclisation of N-2-cyanoethyl-N-methylaniline have been determined, 
and the compound has been characterised by the isolation of several 
crystalline derivatives. Under other conditions of attempted cyclisation, the 
cyanoethyl compound furnished N’-methyl-N’-phenyl-$-methylanilino- 
propionamidine hydrochloride. The ketone could not be obtained by the 
cyclisation of 8-methylanilinopropionic acid, which however furnished 1: 4- 
dihydro-1-methyl-4-oxoquinoline in small yield. 


It is noteworthy that whereas the preparation of 1: 2:3: 4tetrahydro-4-oxoquinoline 
(I; R = H) by cyclisation of 8-toluene-p-sulphonanilidopropionic acid, 
Ph-N(SO,°C,H.,)°C,H,°CO,H, 

followed by hydrolysis, has been described by Clemo and Perkin (J., 1924, 125, 1608), and 
that of the Il-phenyl analogue (I; R= Ph) by cyclisation of §-diphenylamino- 
propionic acid, Ph,N-C,H,°CO,H, by R. C. Cookson and Mann (J., 1949, 67), very little 
information has hitherto been available concerning the synthesis of analogous simple 
l-alkyl derivatives, although Braunholtz and Mann (/., 1952, 3046; 1953, 1817) have 
prepared various nuclear-substituted derivatives of the 1-2’-cyanoethyl derivative (I; 
R = C,H,’CN) by cyclisation of the corresponding bis-2-cyanoethylanilines. It has 
been claimed however (F.P. 806,715/1936) that when N-2-cyanoethyl-N-methylaniline, 
Ph:NMe’C,H,’CN, is heated with a mixture of aluminium chloride, potassium chloride, 
and sodium chloride at 130—140°, and the product subsequently hydrolysed, 1 : 2:3: 4- 
tetrahydro-1-methyl-4-oxoquinoline (I; R = Me) is obtained “in good yield,” having 
b. p. 185—190°/6 mm. and giving a semicarbazone, m. p. 190—191°. Bayer (Angewand. 
Chem., 1949, 61, 229) states in a footnote that Reppe has achieved the same cyclisation, 
but no details are given. 

Since this methyl] derivative was required as a starting point for further syntheses, we 
have investigated in some detail its preparation by cyclisation of N-2-cyanoethyl-N- 

oO 


Fe i 
i 


methylaniline and of $-methylanilinopropionic acid, Ph-NMe-C,H,-CO,H. The cyano- 
ethyl compound readily dissociates to methylaniline and vinyl cyanide (or its polymers) 
when heated with acids, and, possibly because of this restriction, we have found the only 
practicable conditions of synthesis to be those based on the above specification. Even so, 
the temperature range is critical, and maximum yields are obtained by short exposure of 
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the nitrile to the molten metallic chlorides. This is shown in the Table, which records a 
series of comparable experiments, the yield of ketone in the crude product after hydrolysis 
being estimated by isolation of the almost insoluble 2 : 4-dinitrophenylhydrazone. 
Temp. (oil-bath) 120° 130—5°  130—5° 130—5° 130—5° 
Time (min.) 1 0-5 2 10 1 
Yield (%) of ketone ... 2! 44 * 22 22 22 33 * 

* A trace of CusCl, was added as a catalyst. 


These results indicate that 120° is probably the optimum temperature of reaction, and 
that the maximum yield of the ketone is rapidly attained: considerably longer heating 
diminishes the yield, however, for other experiments conducted at 130—135° with 
45 min.’ heating gave only an insignificant yield of ketone. The strongly catalytic effect 
of cuprous chloride is probably due to its partially suppressing the dissociation of un- 
cyclised nitrile, for this almost certainly is the mechanism by which the chloride so 
markedly catalyses the initial cyanoethylation of aromatic amines (cf. Braunholtz and 
Mann, /., 1953, 1817). 

When this preparation was carried out on a larger scale, the cold melt being hydrolysed 
and the liberated ketone extracted with benzene, fractional distillation gave a product 
which never contained more than 70% of ketone, and the pure ketone could not be isolated 
by further fractionation. It is highly improbable therefore that the fraction cited in the 
specification was the pure ketone. Treatment with Girard P reagent gave however the 
pure ketone as a bright yellow mobile liquid, b. p. 130°/0-01 mm., in 25% yield: it has 
been characterised as its phenylhydrazone, 2 : 4-dinitrophenylhydrazone, semicarbazone, 
hydrochloride, picrate, and methiodide. Its ultra-violet spectrum, determined in ethanolic 
solution, is closely similar to that of the unsubstituted ketone ([; R = H): 

(I; R = Me) : 383—385 262 239 Amin. 

. 4370 7700 22,700 Emin. 

Ll; Ro HB) ' 377 259 235 Amin. 

4000 6800 20,400 “ony 

In FIAT Report No. 1298 (1949) the conversion of suitable nitriles into cyclic ketones 
is performed by heating the nitrile in chlorobenzene containing aluminium chloride and 
a very small quantity of concentrated hydrochloric acid: this method has subsequently 
been successfully employed for the preparation of 1 : 6-dioxojulolidine (Mann and Smith, 
J., 1951, 1898; Braunholtz and Mann, Joc. cit.) and of 1:2: 2a:3:4:5:8:9:10: 10a- 
decahydro-5 : 8-dioxo-2a : 10a-diazapyrene (Almond and Mann, /., 1951, 1906). 

When N-2-cyanoethyl-N-methylaniline was similarly treated, and the product hydro- 
lysed and distilled in steam, the aqueous residue contained approximately equimolecular 
quantities of methylaniline and of unchanged nitrile, and only a trace of the required 
ketone. Considerable dissociation of the nitrile under the influence of the hydrochloric 
acid had therefore occurred. Further evidence for this dissociation is provided by the 
fact that the aqueous residue from the distillation also deposited the highly crystalline N’- 
methyl-N’-phenyl-$-methylanilinopropionamidine hydrochloride (II). Oxley, Partridge, 
and Short (J., 1947, 1110) have shown that amidines can be prepared in almost quantitative 
yield by the addition of secondary amines to nitriles in the presence of aluminium chloride, 
and our product clearly arises similarly by the addition of the liberated methylaniline to 
undissociated nitrile. We have confirmed this by an unambiguous preparation of (II) in 
which an equimolecular mixture of methylaniline, the nitrile, and aluminium chloride was 
heated at 150° for 1 hr. 

The amidine hydrochloride has considerable stability: it is unaffected by sodium 
acetate and shows no tendency to form a stable higher hydrochloride. It is possible that 
in this compound the normal stability of an amidine salt is reinforced by formation of a 
six-membered hydrogen-bonded ring structure, which could exist as a hybrid of the three 
canonical forms (IIa, b, and c). Clearly the formation of a dihydrochloride would destroy 
the stability acquired by this hybridisation. 

N-2-Cyanoethyl-N-methylaniline readily underwent alkaline hydrolysis to 6-methyl- 
anilinopropionic acid, a viscous oil which gave a crystalline hydrochloride and methiodide. 
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Many attempts to cyclise this acid to the 1-methylquinoline derivative (I; R = Me) were 
made by using a variety of reagents and conditions, but only traces of the ketone were 
obtained. A noteworthy by-product was isolated, however, when a solution of the acid in 
dry xylene containing phosphoric anhydride was boiled under reflux for 4 hr.: after 
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removal of a minute amount of the required ketone, the residue was hydrolysed by alkali, 
giving methylaniline and 1 : 4-dihydro-l-methyl-4-oxoquinoline (III), m. p. 151—152°, 
identical with the alkaloid echinopsine obtained by Greshoff (Rec. Trav. chim., 1900, 19, 
360) from the seeds of Echinops ritro and identified later by Spath and Kolbe (Monatsh., 
1922, 43, 469). The occurrence of methylaniline was not unexpected in view of the ready 
dissociation of the earlier nitrile under acid conditions, an instability which Elderfield, 
Gensler, Bembry, Kremer, Brody, Hageman, and Head (J. Amer. Chem. Soc., 1946, 68, 
1259) have shown to be shared by various (-(N-alkyl-N-arylamino)propionic acid deriv- 
atives. The formation of the quinolone (III) however involves dehydrogenation, but there 
is at present no decisive evidence as to whether this dehydrogenation occurs before or after 
the cyclisation. 

The use of phosphoric anhydride in benzene, toluene, or tetralin for the cyclisation to 
the ketone (I; R = Me) also proved valueless, whereas “ polyphosphoric acid ’’ caused 
dissociation of the acid. The use of phosphorus pentachloride followed by aluminium 
chloride or stannic chloride, or of thionyl chloride followed by aluminium chloride, also 
proved valueless, partly because the acid chloride was rapidly precipitated as its insoluble 
hydrochloride, in which the positive pole on the nitrogen atom would furthermore 
inactivate the hydrogen atoms in the neighbouring ortho-positions. Phosphorus oxy- 
chloride (Clemo and Perkin, Joc. cit.; Johnson, Woroch, and Buell, J. Amer. Chem. Soc., 
1949, 71, 1901), sulphuric acid, hydrogen fluoride (Fieser and Hershberg, zbid., 1939, 61, 
1272), and acetic acid, with or without zinc chloride, all failed as cyclising agents, and 
attempts to use the acid in place of the nitrile for the required synthesis were therefore 
abandoned. 

It may be added that the colourless 1 : 4-dihydro-1-methyl-4-oxoquinoline, if it had 
solely the formal structure (III), might be expected to be pale yellow : compare o-amino- 
benzylideneacetophenone (IV), which has an analogous structure and has this colour 
(Mannich and Dannehl, Ber., 1938, 71, 1899). Moreover the quinolone (III) shows no 


Pe rT 5 t 
7, Neu 0S YS A\0\cu, 
\ YNH ha 2 I 4 y } 5 
\/ 2 CHPh WAn7 Wn VANS le 
Me Me R 
(IV) (IIIa) (V) (Ia) 


ketonic properties and is unaffected by methyl iodide in boiling methanol. These properties 
strongly indicate that the ionic “‘ aromatic ’’ form (IIIa) makes the major contribution to 
the resonance structure. If so, the salt which the base forms with acids must contain the 
cation (V), and “ echinopsine hydrochloride ” must be identical with the methochloride of 
4-hydroxyquinoline. The structure (V) for the cation is confirmed by the fact that 
| : 4-dihydro-1 : 2-dimethyl-4-oxoquinoline and methyl iodide at 100° ultimately give 
4-methoxyquinaldine methiodide (Knorr, Ber., 1897, 30, 922). The stability of the 
echinopsine structure is illustrated by its formation when 4-methoxyquinoline is heated at 
300—310° (Meyer, Monatsh., 1906, 27, 257) and when 4-hydroxyquinoline is treated with 
methyl sulphate and alkali (Simpson and Wright, /., 1948, 1707). 
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The bright yellow colour of the tetrahydro-ketone (I; R = Me) similarly is probably 
due to a considerable contribution by the form (Ia), in which the charge separation entails 
the o-quinonoid structure. 


EXPERIMENTAL 


N-2-Cyanoethyl-N-methylaniline.—A mixture of pure methylaniline (321 g.) and acetic acid 
(15 c.c., 0-08 mol.) was heated in a 3-necked flask, carrying a condenser, thermometer, and 
dropping-funnel, until the temperature reached 130°; vinyl cyanide (318 g., 2 mols.) was then 
added during 2 hr., during which the temperature fell to 108°. The mixture was then boiled 
for 8 hr., and on fractionation gave the nitrile as a pale yellow, slightly hygroscopic oil, b. p. 
116—117°/0-05 mm. (Found: C, 74:5; H, 7-9; N, 17-6. Calc. for C;y)H,,N,: C, 75-0; H, 7:6; 
N, 17-5%) (312 g., 65%). The addition of hydrogen chloride to an ethereal solution of the 
nitrile yielded colourless crystals of the hydrochloride, m. p. 112—-114° (Found: C, 61:3; H, 
6-65; N, 14:2. C,)H,.N,,HCl requires C, 61-0; H, 6-7; N, 14:2%). This salt is stable 
indefinitely in dry air but becomes purple on exposure to the atmosphere: it is immediately 
hydrolysed by water with liberation of the nitrile. The methiodide has been recorded by 
Braunholtz and Mann (loc. cit.). 

When an ethanolic hydrogen chloride solution of the nitrile was heated, dissociation to 
methylaniline and vinyl cyanide rapidly occurred. 

1: 2:3: 4-Tetrahydro-1-methyl-4-oxoquinoline (I; R= Me).—An intimate mixture of 
aluminium chloride (50 g.), sodium chloride (11 g.), and potassium chloride (11 g.) was heated 
with stirring at 120° until it gave a uniform and fairly mobile syrup, to which the nitrile (10 g.) 
was added dropwise during 1 min., and the complete mixture then heated for another minute. 
The molten mixture was poured directly into an excess of well-stirred ice-water, which was then 
basified with sodium hydroxide solution and gently heated for 30 min. The cold mixture was 
extracted with benzene, and the extract, which had a bluish-purple fluorescence, was evaporated 
gently under reduced pressure. 

In earlier experiments, the ketonic residue thus obtained was carefully fractionated at 
0-15 mm. during 3 hr., and gave the fractions (a) b. p. 108—120° (2-5 g.), (b) b. p. 125—135° 
(0-83 g.), and a dark red viscous residue. There was no real break between (a) and (bd). By 
the usual method, fraction (a) was found to contain ca. 68% and (b) ca. 56% of ketone: the 
total yield was 2-2 g. (22%). These fractions, although sufficiently pure for the preparation of 
certain derivatives, could not be significantly purified by further distillation. 

The ketonic residue from the benzene extract was therefore dissolved in ethanol (50 c.c.) to 
which was added acetic acid (5 c.c.) and the Girard p reagent (6 g.). The mixture was boiled 
under reflux for 2 hr., allowed to cool, and then added to ice-water (500 c.c.) containing sodium 
hydroxide (3 g.). Unchanged material was removed by extraction with ether (500 c.c.), and 
the clear orange-brown aqueous solution added to concentrated hydrochloric acid (35 c.c.) ; 
after 2 hr., the liberated ketone was extracted with ether (750 c.c.). Evaporation of the ether 
gave a yellowish-brown liquid, which on distillation gave only the pure 1: 2:3: 4-tetra- 
hydro-\-methyl-4-oxoquinoline (I; R =,Me), a bright yellow mobile liquid (2-5 g., 25%), b. p. 
130°/0-01 mm., nf? 1-6191 (Found: C, 74:3; H, 6-95; N, 8-95. Cj, 9H,,ON requires C, 74:5; 
H, 6-9; N, 8-7%). A solution of the ketone in ethanol is yellow with a green fluorescence and 
in acetone pale yellow with a blue fluorescence. 

When the ketone was dissolved in ethanolic hydrogen chloride, the colourless crystalline 
hydrochloride, m. p. 131—132°, rapidly separated (Found: C, 60-6; H, 6-5; N, 7:3. 
C,9H,,ON,HCI1 requires C, 60-7; H, 6-1; N, 7:1%). It acquires a pale yellow colour on 
exposure to the air, and gives a yellowish-orange solution in water, presumably due to 
hydrolysis. The ketone gave a picrate, scarlet crystals (from aqueous ethanol), m. p. 100° 
(Found: C, 49-5; H, 3-8; N, 14-7. C,)9H,,ON,C,H,;0,N, requires C, 49-25; H, 3-6; N, 
14:4%). When a solution of the ketone in methyl iodide was boiled, very little combination 
occurred: the addition of nitromethane followed by 3 hr.’ boiling under reflux gave the 
methiodide, colourless needles, m. p. 166° (effervescence; from ethanol) (Found: C, 43-6; H, 
4-9; N, 4-8. (C,,H,,ONI requires C, 43-6; H, 4:7; N, 46%). 

The ketone gave: a phenylhydrazone, pale yellow crystals, m. p. 98° (effervescence) from 
aqueous ethanol (Found: C, 76-8; H, 6-9; N, 16-9. C,,H,,N; requires C, 76-5; H, 6-8; N, 
16:7%); a 2: 4-dinitrophenylhydrazone, fine purple plates, insoluble in most cold solvents, 
m. p. 235° (decomp.) after recrystallisation from xylene and then dioxan (Found: C, 56-6; H, 
4:2; N, 20-5. C,.H,,0,N, requires C, 56-3; H, 4:4; N, 20-5%); and a semicarbazone, cream- 
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coloured crystals, m. p. 184—185°, from aqueous ethanol (Found: C, 60-7; H, 6-4; N, 25-8. 
C,,H,,ON, requires C, 60-55; H, 6-45; N, 25-65%). 

Action of Aluminium Chloride and Hydrochloric Acid on the Nitrile-—The following 
experiment is typical of the many attempts to employ this reagent. The nitrile (40 g.) was 
added to a stirred mixture of chlorobenzene (100 c.c.), powdered aluminium chloride (83 g., 
2-5 mols.), and concentrated hydrochloric acid (1 c.c.), which was then heated at 140° for 8 hr. 
with continuous stirring. The mixture became deep red and, if the stirring was stopped, 
separated into an almost colourless upper and a red lower layer. The mixture was poured on 
ice, and then steam-distilled to remove chlorobenzene and to hydrolyse any ketimine. Two 
methods of working up the product were adopted. 

(a) The residual mixture was repeatedly extracted with chloroform, and the united extracts 
were dried and distilled. After removal of the solvent, the residual red oil was distilled quickly 
at 1 mm. (leaving a red residue) and redistilled at 0-5 mm., giving the fractions: (i) b. p. 100— 
120° (12 g.), mainly methylaniline; (ii) b. p. 125—135° (13 g.), mainly unchanged nitrile with a 
trace of ketone; and (iii) b. p. 150—155° (2 g.), a viscous yellow liquid. Further fractionation 
of (iii) still gave a mixture, containing ca. 25% of the ketone (I; R = Me), assessed as the 
2 : 4-dinitrophenylhydrazone. 

(0) The product when set aside overnight deposited the crude amidine hydrochloride (II) as 
red crystals. It was advantageous however to extract the residual mixture with chloroform as 
above and, after removal of the chloroform, to dissolve the residual red oil in ethanol, from 
which the amidine hydrochloride slowly crystallised, and when recrystallised from methanol or 
ethanol formed pale yellow needles, m. p. 210-5° (Found: C, 67-7; H, 7:35; N, 13-55. 
C,,H,,N,Cl requires C, 67-3; H, 7:3; N, 13-8%). The addition of potassium iodide to a hot 
aqueous solution of this salt deposited the hydviodide, cream-coloured needles, m. p. 199—200° 
(from ethanol) (Found: C, 52-2; H, 5-8; N, 10-4.. C,,H,,N,I requires C, 51-7; H, 5-6; N, 
10-6%). The hydrochloride, when added to an excess of 20% aqueous sodium hydroxide and 
then shaken with a solution of toluene-p-sulphonyl chloride in acetone, yielded the toluene-p- 
sulphonyl derivative, yellowish crystals, m. p. 147—149° (from ethanol) (Found: C, 67-8; H, 
6-6; N, 9-8. C,4H,,O,N,S requires C, 68-3; H, 6-45; N, 10-0%). 

When the above experiment was conducted in o-dichlorobenzene instead of chlorobenzene, 
a lower yield of the crude ketone (I; R = Me) was obtained. 

Direct Preparation of the Amidine Hydrochloride (I1)—A mixture of the nitrile (16 g.), 
methylaniline (10-7 g., 1 mol.), and aluminium chloride (13-3 g., 1 mol.) was heated with stirring 
for 1 hr. at 140—160°, and then poured on ice, and the hydrochloride was collected; after 
recrystallisation from ethanol, it had m. p. 210° (mixed and unmixed with above product) 
(82% yield). The same result was obtained when the above mixture was diluted with chloro- 
benzene (60 c.c.) and then boiled under reflux for 1 hr., and the solvent removed by steam- 
distillation. 

6-Methylanilinopropionic Acid.—A mixture of the nitrile (240 g.) and a solution of potassium 
hydroxide (92 g., 1-1 mols.) in water (1000 c.c.) was boiled vigorously under reflux to disperse 
the nitrile as a fine emulsion. After 2-5 hr., the clear solution was cooled, extracted with ether 
to remove a greenish impurity, and then made just acid with hydrochloric acid, the required acid 
being precipitated as an oil. The mixture was then repeatedly extracted with ether, and the 
united extracts were dried and filtered, and the solvent was removed. The viscous residual 
acid (204 g., 76%) could not be crystallised: for identification, a sample was dissolved in 
ethanolic hydrogen chloride, from which the hydrochloride separated as a gum which slowly 
solidified, and was obtained as colourless needles, m. p. 1389—141°, from »-propanol (Found : 
C, 56-2; H, 6-85; N, 6-8. C,)9H,,0,N,HCI requires C, 55-7; H, 6-5; N, 65%). Another 
sample was dissolved in an excess of methyl iodide, which was boiled for a few minutes and 
allowed to evaporate; the residual methiodide, when washed with ether, formed pale yellow 
crystals, m. p. 150° (decomp.) (Found: C, 41-1; H, 5-0; N, 4:4. C,,H,,0,NI requires C, 
41-1; H, 5-0; N, 44%). 

Action of Phosphoric Anhydride in Xylene.—A solution of the above acid (60 g.) in dry 
xylene (400 c.c.) was added to an intimate mixture of phosphoric anhydride (60 g., 1-3 mols.) 
and kieselguhr (‘‘ Hyflo-Supercel ’’) (30 g.), and the mixture vigorously agitated to maintain a 
fine suspension of the solid components. It was then boiled under reflux; a deep yellow colour 
speedily developed, and after 4 hr.’ boiling the anhydride had separated as red lumps, and 
stirring became difficult. The hot xylene was then decanted through a filter and evaporated, 
leaving a residue (ca. 0-5 g.) of the crude ketone (I; R = Me) identified as its 2: 4-dinitro- 
phenylhydrazone. 
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The material remaining in the reaction flask was washed with ether to remove xylene, and 
then water (500 c.c.) was cautiously added, followed by powdered sodium carbonate (125 g.). 
The mixture was then made strongly alkaline with sodium hydroxide and repeatedly extracted 
with chloroform. The united dried extracts on evaporation gave a ted oil, which when distilled 
at 1 mm. gave the fractions: (i) b. p. 110—130° (10 g.), methylaniline; (ii) b. p. 130—180° 
(5 g.), mainly methylaniline with a trace of ketonic impurity; (iii) b. p. 185—195° (4 g.), reddish 
liquid forming an orange solid; (iv) b. p. 195—220° (9 g.), a deep red liquid which became 
semi-solid. Fractions (iii) and (iv) gave no ketonic reactions. Fraction (iv) on attempted 
recrystallisation gave no definite products. Fraction (iii), after repeated crystallisation from 
benzene, gave colourless crystals, m. p. 151—152°, of 1 : 4-dihydro-1-methyl-4-oxoquinoline 
(1-1 g.) (III) (Found: C, 75-6; H, 5-7; N, 9-1. Calc. for C,,H,ON: C, 75:4; H, 5-7; N, 
8:8%). This gave a yellow picrate, m. p. 229—230° in an evacuated tube (from ethanol) 
(Found: C, 49-9; H, 3:3; N, 14-6. Calc. for C,)H,ON,C,H,O,N,: C, 49-5; H, 3-1; N, 
14-4%), and a chloroplatinate, m. p. 211—212° (decomp.). Spath and Kolbe (loc. cit.) record 
150—152°, 227—-229°, and 211—-212° as the m. p.s of the base and these two salts respectively. 
[t also gave a toluene-p-sulphonate, colourless hygroscopic plates, m. p. 220—221°, from ethanol 
Found: C, 62-2; H, 5:17; N, 4:1. C,gH,ON,C,H,O,S requires C, 61:6; H, 5-2; N, 4:2%), 
and a perchlorate, colourless crystals, m. p. 160—163°, from water. 
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The Reaction of Diazonium Salts with 1-Aryl-A*-pyrazolines. 
By G. F. Durrin and J. D. KENDALL. 
[Reprint Order No. 4719.] 


1-Aryl-A?-pyrazolines (I; R = H), unsubstituted in the 3-position, react 
with aryl-diazonium chlorides in acetic acid to give 1l-aryl-3-arylazo-A*- 
pyrazolines (III). In alkaline solution the main products are 1 : 3-diaryl-A*- 
pyrazolines (I; R= Ar). 3-Methyl-l-phenyl- and 1 : 3-diphenyl-A?-pyrazo- 
lines with benzenediazonium chloride, in acid solution only, give 1-p-phenyl- 
azopheny] derivatives (XIV). Oxidation of the azopyrazolines gives the corre- 
sponding azo-pyrazoles and reduction gives the amines (VIII or XIII) which 
have been synthesized by alternative methods. 3-Amino-1l-aryl-A®-pyrazolines 
do not behave like aromatic amines and are hydrolysed by mineral acid to 
3-pyrazolidones. Reduction of 1-phenyl-3-phenylazopyrazole gives 3-amino- 
|-phenylpyrazole which has aromatic properties. 


Curtius and WirsinG (J. pr. Chem., 1894, 50, 531), by treating 1-phenyl-A*-pyrazoline 
(I; Ar = Ph, R = R’ = R” = H) with benzenediazonium chloride in acetic acid, obtained 
a 1-phenyl-x-phenylazo-A?-pyrazoline, which Michaelis (Annalen, 1905, 338, 184), without 
supporting evidence, suggested was the 4-phenylazo-compound (II). Reduction of this 
azo-compound, however, gave an amine from which, by hydrolysis, 1-phenyl-3-pyrazolidone 
(IV; Ar = Ph, R’ = R” = H) was obtained, indicating that the amine was 3-amino-1- 
phenyl-A?-pyrazoline (VII; Ar = Ph, R’ = R” = H) and the azo-compound I-phenyl-3- 
phenylazo-A?-pyrazoline (III; Ar = Ph, R’ = R” = H). 

R-C CHR’ HC CH-N.NPh ArNN'C CHR’ o¢-— HR’ 

N CHR” N CH, N CHR” HN CHR” 
5 Pf Wie ¥ 

NAr NPh NAr NAr 
(I) (IT) (ITT) (IV) 


The reactions with diazonium salts, of other 1-phenyl-A*-pyrazolines, including the 
4- and the 5-methyl derivative were also investigated. Although compounds supposed to 
have the latter structure have been reported, these were really the isomeric phenyl- 
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hydrazones (V). Thus, the compound (V; R= Me, R’ = H) obtained by Shriner and 
Sharp (J. Amer. Chem. Soc., 1940, 62, 2245) from phenylhydrazone and a-methylacral- 
dehyde in dilute acetic acid had not the characteristic ultra-violet absorption of a 1-phenyl- 
A®-pyrazoline and reacted with benzenediazonium chloride in alkaline solution to give an 
orange-yellow azo-compound with the properties of a formazan (VI). Similarly, croton- 
aldehyde and phenylhydrazine, reported by Trener (Monatsh., 1900, 21, 1111) to give, in the 
absence of a condensing agent, 5-methyl-l-phenyl-A?-pyrazoline, yielded only croton- 
aldehyde phenylhydrazone (cf. Wegscheider and Spath, Monatsh., 1910, 31, 1024; von 
Auwers and Kreude, Ber., 1925, 58, 1974). However, in hot aqueous sodium hydroxide 
a-methylacraldehyde and phenylhydrazine gave 4-methyl-l-phenyl-A*-pyrazoline (I; 
Ar = Ph, R = R” =H, R’ = Me), and crotonaldehyde and phenylhydrazine similarly 
gave the 5-methyl analogue. The ultra-violet absorptions of these pyrazolines are similar 
to that of 1l-phenyl-A?-pyrazoline and unlike those of the isomeric phenylhydrazones. 
4- and 5-Methyl-1-phenyl-A*-pyrazoline, with benzenediazonium chloride in acetic acid, 
yielded phenylazo-derivatives, together with 1 : 3-diphenyl-4- and -5-methyl-A?-pyrazoline 
(I; Ar = R= Ph, R’ = Me or H, R” = H or Me, respectively). Shriner and Sharp’s 
compound (loc. cit.), under the same conditions, gave no identifiable product. 1: 5- 
Diphenyl-, 1: 3-diphenyl-, and 3-methyl-l-phenyl-A?-pyrazoline gave, with benzene- 
diazonium chloride in acetic acid, only phenylazo-compounds. 

Reduction of the phenylazo-compounds yielded, in all cases, aniline and an amino- 
substituted 1-phenyl-A?-pyrazoline. The amines from l-phenyl-, 4- and 5-methyl-l- 
phenyl-, and 1 : 5-diphenyl-phenylazo-A*-pyrazoline gave an intense blue-green colour 
with acidic ferric choride, whereas those from 1 : 3-diphenyl- and 3-methyl-1-phenyl- 
phenylazo-A*-pyrazoline gave none. The former set was also easily hydrolysed by hot 
dilute mineral acid to an ammonium salt and the corresponding 3-pyrazolidone (IV), thus 
proving that the amines were 3-amino-A*-pyrazolines (VII). The other two amines were 
unaffected under similar conditions. 

t 
R:CHR’ Me:CH, 
(V) H:N-NHPh Ph:N:N-:C:N-NHPh (VI) 


The structure of the 3-amino-l-phenyl-A?-pyrazolines was confirmed by unambiguous 
synthesis from acrylonitrile and phenylhydrazine in the presence of sodium ethoxide. 
Other 3-amines were similarly formed : 


NC——CR’ 


i NH,°C——CHR’ 
+ CHR’ Wats 
H,N —— N at 
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NHAr NAr (VII) 

3-Amino-1-aryl-A*-pyrazolines are colourless, stable monoacid bases which form soluble 
salts. 3-Amino-]-phenyl-A?-pyrazoline was investigated more fully. With methyl iodide 
it gave the monomethiodide (VIII), the structure of which was demonstrated by degrad- 
ation to N-methyl-N-phenylhydrazine. With phenyl isothiocyanate it gave a thiourea, 
assumed to be (IX; R = NHPh:CS) and with ethyl orthoformate an amidine (X). With 
nitrous acid the amine gave a deep blue insoluble substance, which was also produced by 
other oxidising agents in acid solution. No evidence of the formation of a diazonium salt 
could be obtained. The amine readily gave deep yellow Schiff’s bases with aromatic 
aldehydes, but acetylation with acetic anhydride was difficult, tars being also formed. The 
acetyl derivative was 3-acetamido-1-pheny]-A?-pyrazoline (IX ; R = Ac) since on reduction 

NH,¢——CH, R-NH-C——CH, H,C- —C-N:CH-NH:C-—CH, 
N  (¢H, N CH, H.C N S. shi 
Z \ of 
I- NMePh NPh NPh NPh 
(VIII) (IX) (X) 

with lithium aluminium hydride it gave 3-ethylamino-1-phenyl-A®-pyrazoline (IX; R = 
Et), identified by hydrolysis to ethylamine and 1-phenyl-3-pyrazolidone. 

Additional evidence that 1-phenyl-A?-pyrazoline couples at the 3-position was obtained 
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by oxidising 1-phenyl-3-phenylazo-A?-pyrazoline with lead tetra-acetate to 1-phenyl-3- 
phenylazopyrazole (XI). This, unlike 1-phenyl-4-phenylazopyrazole which yields no simple 
aminopyrazole on reduction (Zincke and Kegel, Ber., 1889, 22, 1481; Michaelis and 
Schafer, Annalen, 1915, 407, 232), was reduced to an amine identical with the hitherto 
unknown 3-amino-l-phenylpyrazole (XII) obtained by Curtius degradation of 1-phenyl- 
pyrazole-3-carboxyhydrazide. 3-Amino-l-phenylpyrazole, unlike 3-amino-l-phenyl-A?- 
pyrazoline, behaves as an aromatic amine and can be diazotized like 3-aminopyrazole 
(Knorr, Ber., 1904, 37, 3522). 

Ph:N.N-G— : On ares RC CH, 

, , N SH, 
NPh f N-C,H,yNH,-p N°C,HyN:NPh 

(XI) x (XIII) (XIV) 


A*-Pyrazolines with substituents in the 3-position cannot give 3-phenylazo-derivatives. 
Oxidation of the azo-compound from benzenediazonium chloride and 3-methyl]-1-phenyl- 
A?-pyrazoline gave a pyrazole which was different from the known 3-methyl-1-phenyl-4- 
phenylazopyrazole, indicating that the original coupling must have occurred either in the 
5-position or in the benzene nucleus. Treating an aqueous solution of f-acetamidophenyl- 
hydrazine with 4-diethylaminobutan-2-one or $-dimethylaminopropiophenone and then 
removing the acetyl group gave 1-f-aminophenyl-A?-pyrazolines (XIII; R = Me or Ph) 
identical with the amines produced by reduction of the phenylazo-derivatives of (I; Ar = 
Ph, R = Me or Ph, R’= R” =H). The latter are therefore 1-p-phenylazophenyl-A*- 
pyrazolines (XIV; R = Me or Ph). 

1-Phenyl-A*-pyrazoline (I; Ar = Ph, R = R’ = R” = H) and an arenediazonium 
salt in the presence of a base yield, not the arylazo-compound (IV), but a 3-aryl-1-phenyl- 
A*-pyrazoline (I; Ar = Ph, R= Ar, R’ = R”’ = H) with the loss of nitrogen. This 
reaction appears fairly general for l-aryl-A?-pyrazolines unsubstituted in the 3-position, 
proceeding rapidly at 5—10°. In comparison with those obtained in similar arylations, 
the yields are remarkably good. Under the same conditions 3-methyl-l-phenyl- and 
| : 3-diphenyl-A*-pyrazolines are unaffected. The use of sodium acetate, as the base, in 
the reaction of 1l-phenyl-A*-pyrazoline with benzenediazonium chloride results in the 
formation of some 1-phenyl-3-phenylazo- in addition to 1 : 3-diphenyl-A*-pyrazoline. All 
the 1 : 3-diaryl-A*-pyrazolines are characterised by the bright blue fluorescence of their 
solutions in ether and benzene. 

The mechanism of arylation of A?-pyrazolines in alkaline solution is uncertain. Since 
1-phenyl-3-phenylazo-A?-pyrazoline is quite stable in alkaline solution it cannot be regarded 
as an intermediate in the formation of the 3-phenyl compound. It is suggested that a free- 
radical mechanism of the type postulated by Hey and Waters (Chem. Reviews, 1937, 21, 
169) might best explain the reaction. 


EXPERIMENTAL 


Absorption maxima were determined in ethanol. 

a-Methylacraldehyde phenylhydrazone (Shriner and Sharpe, Joc. cit.) had Amax, 2465 (¢ 9700), 
3005 (e 19,600), and 3250 A (e 23,700). 

4-Methyl-1-phenyl-A*-pyrazoline.—Phenylhydrazine (30 c.c.) and «-methylacraldehyde (25 
c.c.) were heated in 3% aqueous sodium hydroxide (300 c.c.) at 100° for 3 hr. After cooling, 
the precipitated oil was extracted with ether, dried (K,CO,), and distilled, to yield 4-methyl-1- 
phenyl-A?-pyrazoline as a pale yellow oil, b. p. 118—120°/1-1 mm. (12-5 g., 26%) (Found : 
C, 75-1; H, 7-4. CygHy,N, requires C, 75-0; H, 7°5%), Amax, 2420 (c 11,000) and 2785 A 
(c 21,000). 

Crotonaldehyde phenylhydrazone (von Auwers and Kreude, /oc. cit.) had Aga, 2475 (e 7050), 
3010 (< 19,600), and 3230 A (e 22,200). 

5-Methyl-1-phenyl-A?-pyrazoline —This compound was obtained from phenylhydrazine and 
crotonaldehyde by the foregoing method, as a pale yellow oil, b. p. 112—114°/0-6 mm. (24%) 
(Found: C, 75-4; H, 7-6%), Amax. 2480 (e 10,600) and 2845 A (e 20,600). 

1-Phenyl-A?-pyrazoline (Fischer and Knoevenagel, Annalen, 1887, 239, 196) had Amax, 2420 
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(c 11,500) and 2810 A (e 25,800). 1: 5-Diphenyl-A?-pyrazoline (von Auwers and Miiller, Ber., 
1908, 41, 4232) had Amax, 2440 (¢ 8400) and 2830 A (e 14,500). 

l-o- and 1-p-Tolyl-A?-pyrazoline were prepared by Balbiano’s method (Gazzetta, 1888, 18, 
354), and 1-m-tolyl-A*-pyrazoline similarly from acraldehyde and m-tolylhydrazine, as a pale 
yellow oil, b. p. 152—156°/28 mm. (13%) (Found: N, 17-2. C,)H,,N, requires N, 17-5%). 

3-Methyl-1-phenyl-A?-pyrazoline was obtained in improved yield by the following modific- 
ation of Jacob and Madinaveitia’s method (/., 1937, 1929). A solution of phenylhydrazine 
(10 c.c.) and 4-diethylaminobutan-2-one (11-5 g.) in 2N-sulphuric acid (100 c.c.) was heated for 
1 hr. at 100°, cooled, and extracted with ether. The extract was washed with dilute aqueous 
sodium carbonate, dried (K,CO;), and evaporated. The solid residue of 3-methyl-1-phenyl- 
A*-pyrazoline recrystallized from light petroleum (b. p. 60—80°) in colourless plates, m. p. 73° 
(8-1 g., 50%), Amax, 2780 A (e 17,400). 

1 : 3-Diphenyl-A*-pyrazoline.—8-Dimethylaminopropiophenone hydrochloride (21-5 g.), 
water (150 c.c.), ethanol (100 c.c.), sodium hydroxide (4-5 g.), and phenylhydrazine (15 c.c.) 
were heated together for 3 hr. at 100°. , After cooling to 0° the solid 1 : 3-diphenyl-A*-pyrazoline 
was filtered off, washed successively with water and ethanol, and recrystallized from ethanol as 
pale yellow plates, m. p. 153° (15-3 g., 69%), Amax, 2450 (¢ 16,800) and 3540 A (e 26,400). 

4-Methyl-1 : 3-diphenyl-A?-pyrazoline.—Propiophenone (2-4 c.c.), dimethylamine hydro- 
chloride (1-65 g.), and paraformaldehyde (1-0 g.) in ethanol (10 c.c.) were boiled for 16 hr. After 
removal of ethanol the solid residue was dissolved in 10% aqueous sodium carbonate (38 c.c.), 
phenylhydrazine (1-8 c.c.) added, and the mixture heated at 100° for4hr. The oil which separ- 
ated rapidly solidified on cooling, and was recrystallized from ethanol as colourless leaflets of 
4-methyl-1 : 3-diphenyl-A?-pyrazoline, m. p. 119° (1-2 g., 28%) (Found: C, 81, 3; H, 6-9. 
C,,H,,N, requires C, 81-4; H, 6-8%). 

Action of Aryldiazonium Salts on 1-Aryl-A®-pyrazolines in Acetic Acid.—The following 
exemplifies the procedure: Aniline (0-93 g.) in 5N-hydrochloric acid (5-0 c.c.) was diazotized at 
5—10° with sodium nitrite (0-75 g.) in water (3 c.c.), then added slowly with stirring to a solution 
of 1-phenyl-A*-pyrazoline (1-45 g.) in acetic acid (10 c.c.) and water (2 c.c.) at 5—10°. After 
1 hr. at 0°, the resulting violet solution was poured into water (100 c.c.) and left overnight. The 
precipitated solid was washed with water, dried, and recrystallized from methanol to yield 
1-phenyl-3-phenylazo-A*-pyrazoline as orange-red leaflets, m. p. 156° (0-97 g., 39%) (Found: 
C, 71-7; H, 5-4. Calc. for C;;H,,N,: C, 72:0; H, 56%). 

Analogues, similarly obtained, are recorded in Table I. 


TABLE 1. 1-Aryl-3-arylazo-A?-pyrazolines (III). 


Found (%) 

R” M.p.* (Yield %) Cc H Formula 
154° 7 CeHuN, 77-4 

92 35 CisHigN, 733 

150 4 CisHigN, 733 

184 


Required (%) 
C 


or 


mb w 


. 
oS 


a "Caan, 188 
101 6 CHiN, 72:4 
107 4 = CygHygN, 724 


* Together with 4-methyl-1 : 3-diphenyl-A?-pyrazoline (18%), separated by chromatography from 
activated alumina in light petroleum. ° Together with 5-methyl-1 : 3-diphenyl-A*-pyrazoline (2%) 
separated as in (a). 

* The products form red needles, except the third and fifth which form orange plates; all were 
crystallized from methanol, except for the last two which crystallized from light petroleum. 


J «J «3 «J -J +1 
Wivewya 


nd 


3-Methyl-1-p-phenylazophenyl-A?-pyrazoline, obtained from 3-methyl-1-phenyl-A?-pyrazoline 
by the same method, crystallized from methanol as orange plates, m. p. 152° (36%) (Found : 
C, 72-25; H, 6-4. C,H, N, requires C, 72-4; H, 6-4%). 

3-Methyl-1-p-phenylazophenylpyrazole.—The last-named pyrazoline (2-1 g.) was treated in 
acetic acid (30 c.c.) with lead tetra-acetate (5-0 g.). An exothermic reaction took place and the 
orange solution became yellow. Dilution with water gave an oil which rapidly solidified. 
Recrystallization from ethanol gave 3-methyl-1-p-phenylazophenylpyrazole as bright yellow 
plates, m. p. 117° (0-78 g., 38%) (Found: C, 73-3; H, 5:7; N, 21-4. C,gH,N, requires 
C, 73-4; H, 5-4; N, 21-4%). 

3-Phenyl-1-p-phenylazophenyl-A*-pyrazoline.—1 : 3-Diphenyl-A*-pyrazoline (10 g.) was dis- 
solved in warm acetic acid (500 c.c.), the solution cooled to 14°, and a solution of benzenediazo- 
nium chloride [prepared from aniline (4-5 c.c.), 5N-hydrochloric acid (25 c.c.), and sodium 
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nitrite (3-7 g.) in water (10 c.c.)] stirred in with further cooling. The mixture was then left over- 
night at room temperature and the blue solution poured into a mixture of sodium hydroxide 
(400 g.) and ice (2 kg.). A red solid was precipitated, filtered off, washed with water and 
methanol, dried, and extracted with boiling benzene (500 c.c.) from a brown insoluble substance 
(2-0 g.). Evaporation of the benzene gave a reddish tar which, with acetone (50 c.c.), gave 
deep red needles (4-6 g.). Recrystallization from benzene yielded 3-phenyl-1-p-phenylazophenyl- 
A*-pyvazoline as dark red needles with a blue reflex, m. p. 185—186° (2-3 g., 29%) (Found: 
C, 77-5; H, 5°75. C,,H,,N, requires C, 77-4; H, 5-55%). 

1 : 5-Diphenyl-3-isopropenylformazan.—A solution of benzenediazonium chloride, prepared 
from aniline (3-8 c.c.), 5N-hydrochloric acid (21 c.c.), and sodium nitrite (3-1 g.) in water (10 c.c.), 
was added with stirring at 5—7° to one of «-methylacraldehyde phenylhydrazone (7-3 g.) in 
ethanol (100 c.c.) and 40% sodium hydroxide (11-4 c.c.). The mixture was well cooled and 
after 1 hr. the dark red precipitate was filtered off rapidly, washed with cold methanol (4 x 10 
c.c.), dried in vacuo, and recrystallized from methanol, to give the formazan as deep red needles, 
m. p. 109° (9-2 g., 72%) (Found: C, 72-5; H, 6-2; N, 21-0. C,,H,,N, requires C, 72:7; H, 6-05; 
N, 21-2%). 

Addition of a benzenediazonium chloride solution to «-methylacraldehyde phenylhydrazone 
in 90% acetic acid gave a violet solution from which nitrogen was slowly evolved. Only a tar 
was isolated. 

Reduction of Arylazo-A?-pyrazolines (III) or (XIV).—Two general methods were used: (A) 
1-Phenyl-3-phenylazo-A?-pyrazoline (10 g.) was dissolved in ethanol (80 c.c.) and acetic acid 
(20 c.c.) on a water-bath. Zinc dust was added gradually until the reaction had moderated and 
the yellow colour disappeared. The mixture was boiled for 10 min. then filtered hot from zinc 
dust, and the filtrate was made alkaline with 10% aqueous sodium hydroxide to precipitate a 
pale buff solid which was collected and recrystallized from benzene. This gave 3-amino-1- 
phenyl-A?-pyvazoline as colourless leaflets, m. p. 169° (3-4 g., 53%) (Found: C, 67:35; H, 6:8; 
N, 26-0. C,H,,N, requires C, 67:2; H, 6-85; N, 26-19%). Ether-extraction of the aqueous 
solution yielded aniline (73%). 

(B) 1-Phenyl-3-phenylazo-A*-pyrazoline (5-0 g.) was refluxed with 5Nn-hydrochloric acid 
(21 c.c.), ethanol (10 c.c.), and stannous chloride (10-1 g.) for 10 min. The resulting colourless 
solution was filtered and made alkaline by addition of 10% aqueous sodium hydroxide (150 c.c.), 
to precipitate a buff solid which was collected, dried, and recrystallized from benzene as colourless 
plates, m. p. and mixed m. p. 169° (2-1 g., 65%). 

Anologous experiments are reported in Table 2. 


Reduction of azo-compounds (III) to amines: properties of the amine. 
Found (%) ° 
Azo-cpd. Amine* Method Yield (%) M. p. Cc 
(III) (VII) 5 110° = 68-9 
: 3 5 143° 69-0 
106° 
826 
i, 23 y 195° 
(XIV) (XIII) y 3% 126 4 
135° 


, ” 
” 


” ” 


* All (VII) were colourless needles; (XIII; R = Me) formed colourless plates, and (XIII; R = 
Ph) pale yellow plates. ® From benzene. ¢ From ethanol. ¢ From light petroleum. * C,)H,,N; 
requires C, 68:7; H, 7-45; but for the fifth and the last amine, C,;H,,N, requires C, 76-0; H, 6-3%,. 
S Found: N, 17:6. Reqd.: N, 17-75%. 


Reaction of Arylhydrazines with a®-Unsaturated Nitriles—The following exemplifies the 
procedure : Sodium (2-0 g.) was dissolved in ethanol (100 c.c.), and phenylhydrazine (40 c.c.) 
and acrylonitrile (26 c.c.) were added in that order. The mixture was refluxed for 6 hr., filtered 
hot, and cooled. The buff plates which separated were washed with ethanol and recrystallized 
from benzene, giving 3-amino-1l-phenyl-A?-pyrazoline as colourless leaflets, m. p. 169° (48 g., 
74%) (Found: C, 67-4; H, 6-65; N, 25-9%). The hydrochloride was obtained from concentrated 
hydrochloric acid as colourless plates, m. p. 96—97° (Found: Cl, 16-3. C,H,,N;,HCl,H,O 
requires Cl, 16-5%), and the picrate from ethanol as yellow needles, m. p. 169° (decomp.) 
(Found: N, 20-7. C,H,,N;,C,H,O,N, requires N, 21%). 


Analogous syntheses are recorded in Table 3. 


[1954] Diazonium Salts with 1-Aryl-A®-pyrazolines. 413 


3-A mino-1-methyl-1-phenyl-A?-pyrazolinium Iodide.—3-Amino-1-phenyl-A*-pyrazoline (10 g.) 
and methyl iodide (20 c.c.) were heated under reflux for 4 hr., the mixture was cooled, and 
the solid was collected and washed with ether. After recrystallization from ethanol, the iodide 
formed colourless plates, m. p. 157° (5-2 g., 28%) (Found: I, 42-0. C,)9H,,N;I requires 


TABLE 3. Synthesis of 3-amino-1-aryl-A®-pyrazolines (VII). 
Amine (VII) ¢ 
| ine, 
Ar R’ R” 
From acrylonitrile 


Found (%) Required (%) 
M. p. Yield (%) Cc H Formula Cc H 
74° 6 
110° 
143° 
135° 
From cinnamonitrile 
Ph 195° 5: 3. See Table 2 
52 oe 3-6 3. 
e+e : + 9 c.HLN, 767 


195? : 
129° : 35-8! ‘8! C,,;H,,N,Cl 65-9 


106° 29 38- . See Table 2 


From methylacrylonitrile 
Me H 82¢ 43 7-2 See Table 2 


* All colourless needles, except that the first three formed colourless plates, and the sixth and 


seventh buff-coloured needles. ® From benzene. * From ethanol. * From light petroleum. 
* Found: Cl, 18-2. Reqd.: Cl, 18-15%. 4 Found: N, 17-:9%. 


I, 41:9%). It (5-0 g.) was heated at 100° for 4 hr. with N-sodium hydroxide (40 c.c.). After 
cooling, the precipitated oil was extracted with ether, dried, and distilled, yielding N-methyl-N- 
phenylhydrazine, b. p. 128—132°/15 mm. (1-5 g., 75%) (benzylidene derivative, m. p. and mixed 
m. p. 107°). 

3-A cetamido-1-phenyl-A®-pyvazoline.—3-Amino-l-phenyl-A®-pyrazoline (50 g.) and acetic 
anhydride (50 c.c.) were stirred without cooling for 1 hr. The mixture was then cooled to pre- 
cipitate the crystalline acetyl derivative. From ethanol this formed pale yellow needles, m. p. 
192° (9-2 g., 15%) [Found: C, 65-2; H, 64%; M (ebullioscopic in EtOH), 199. C,,H,,ON, 
requires C, 65-0; H, 6-4%; M, 203). 

3-Ethylamino-1-phenyl-A*-pyrazoline.—Reduction of 3-acetamido-1l-phenyl-A*-pyrazoline 
(3-7 g.) in dry ether (100 c.c.) with lithium aluminium hydride (2-0 g.), vigorous at first, was 
continued for 16 hr. under reflux. Decomposition with ethanol, addition of water (200 c.c.), 
filtration, evaporation of the ethereal filtrate, and recrystallization from light petroleum (b. p. 
60—80°) yielded 3-ethylamino-1-phenyl-A?-pyrazoline as colourless plates, m. p. 74° (2-9 g., 85%) 
(Found: C, 70-0; H, 8-15; N, 22-0. C,,H,;N, requires C, 69-8; H, 7-95; N, 22-2%). The 
amine (3-3 g.) was refluxed for 60 hr. with water (10 c.c.) and concentrated sulphuric acid (0-84 
c.c.). On cooling, crystals were deposited which, recrystallized from water, yielded 1-phenyl-3- 
pyrazolidone, m. p. 121° (2-2 g., 79%). The aqueous solution from the hydrolysis was made 
alkaline by sodium hydroxide and distilled into saturated aqueous picric acid, giving ethylamine 
picrate, m. p. and mixed m. p. 168°. 

3-Benzylideneamino-1-phenyl-A?-pyrazoline.—3-Amino-1-phenyl-A?-pyrazoline (16 g.) and 
benzaldehyde (10 c.c.) were boiled in ethanol (50 c.c.) for 2hr. The precipitated 3-benzylidene- 
amino-1-phenyl-A?-pyrazoline crystallized from dioxan as orange-yellow leaflets, m. p. 182° (14-3 
g., 57%) (Found: C, 77:0; H, 6-1. C,,H,,;N, requires C, 77-2; H, 6-0%). 

3-p-Chlorobenzylideneamino-1-phenyl-A*-pyrazoline formed orange-red leaflets (from dioxan) 
m. p. 207° (84%) (Found: Cl, 12-6. C,,H,,N,C1 requires Cl, 12-5%). 

NN’-Di-(1-phenyl-A*-pyrazolin-3-yl) formamidine.—3-Amino-1-phenyl-A*-pyrazoline (3-2 g.) 
in warm acetic acid (10 c.c.) was treated with ethyl orthoformate (2c.c.). The solution became 
yellow and after a few minutes a copious yellow precipitate was formed. Recrystallization 
from acetic acid gave the yellow formamidine, m. p. 200° (2-4 g., 73%) (Found: C, 68-7; H, 6-2. 
Ci9HapN, requires C, 68-7; H, 6-0%). 

N-Phenvyl-N’-(1-phenyl-A*-pyrazolin-3-yl) thiourea.—3-Amino-1-phenyl-A*-pyrazoline (5-0 g.) 
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and phenyl isothiocyanate (3-8 c.c.) in boiling ethanol (25 c.c.) gave the thiourea as pale yellow 
needles (from ethanol), m. p. 196° (3-1 g.) (Found: S, 10-85. C,,H,,N,S requires S, 10-8%). 

Hydrolysis of 3-Amino-A?-pyrazolines.—The following exemplifies the procedure : 3-Amino- 
1-phenyl-A*-pyrazoline (10 g.) was dissolved in a mixture of concentrated sulphuric acid (3-32 
c.c.) and water (40 c.c.), and the solution boiled for 6 hr. On cooling, the colourless crystals 
were collected and crystallized from water, yielding 1-phenyl-3-pyrazolidone as colourless 
needles, m. p. 121° (8-6 g., 86%) (Found: C, 66-75; H, 6-1. Calc. for CjH,,ON,: C, 66-7; 
H, 6-15%). 

Similar experiments are reported in Table 4. 


TABLE 4. Hydrolysis of 3-amino-A*-pyrazolines (VII). 

3-Pyrazolidone (IV) ¢ Found (%) Required (%) 
Ar R’ Si M. p. Yield (%) Cc H Formula Cc H 
p-Tolyl ... H H 163° ° 34 . . CyH,,ON, 6 
H 117° 20 . . C,H,ON,Cl 5 

H 135 ¢ 31 75 CioH,,ON, 6 

159° 60 5: ‘95 C,,;HyON, 75-7 
* The first two formed colourless plates, the last two colourless needles. ° From benzene. 
benzene-light petroleum. 


8- 
5- 
8- 8 
9 
rom 


6-8 
4-9 
6- 
5. 
¢F 


Action of Nitrous Acid on 3-Amino-1-phenyl-A®-pyrazoline.—The amine (3-2 g.) was treated 
in 5nN-hydrochloric acid (10 c.c.) at 0° with sodium nitrite (1-5 g.) in water (4 c.c.) with stirring. 
Nitrogen was evolved and a dark blue substance, m. p. 260—270° (2-9 g.), precipitated. The 
substance was almost insoluble in all organic solvents, but dissolved in concentrated acids to 
give intense blue solutions. Similar substances were obtained from other 3-amino-A?- 
pyrazolines with nitrous acid or acid oxidizing agents. 

1-p-A minophenyl-3-methyl-A?-pyrazoline.—The double salt of stannic chloride and p-acet- 
amidophenylhydrazine hydrochloride (Franzen and von Fiirst, Annalen, 1917, 412, 35) (10 g.) 
was treated in water (100 c.c.) with potassium carbonate (5-0 g.). After 2 hr. the precipitate 
was filtered off, and 4-diethylaminobutan-2-one (Hagemeyer, J. Amer. Chem. Soc., 1949, 71, 
1120) (4-5 c.c.) added to the aqueous filtrate. The mixture was warmed for 1 hr. at 100°, then 
well cooled. Crystals which separated were recrystallized from water, to yield 1-p-acetamido- 
phenyl-3-methyl-A*-pyrazoline as pale yellow plates, m. p. 181° (3-7 g., 57%) (Found: C, 66-6; 
H, 6-8. C,,H,,ON,; requires C, 66-4; H, 6-9%). The acetyl compound (2-0 g.) was warmed 
at 100° for 10 min. with concentrated hydrochloric acid (10 c.c.), and the solution cooled, diluted 
with water (50 c.c.), and made alkaline with 40% sodium hydroxide (12c.c.). Ether-extraction 
removed a solid which recrystallized from ethanol as pale buff needles, m. p. 126° (0-85 g., 52%) 
(Found: C, 68-9; H, 7-4%), identical with 1-p-aminophenyl-3-methyl-A*-pyrazoline obtained 
as above. 

1-p-A minophenyl-3-phenyl-A?-pyrazoline—By a similar process, §-dimethylaminopropio- 
phenone hydrochloride yielded 1-p-acetamidophenyl-, yellow leaflets (from acetic acid), m. p. 
220° (78%) (Found: C, 73-25; H, 6-35. C,,H,,;ON, requires C, 73-2; H, 6-1%), and 1-p-amino- 
phenyl-3-phenyl-A?-pyrazoline, pale yellow plates (from aqueous ethanol), m. p. 135° (63%) 
(Found: C, 75-9; H, 6-2%). 

1-Phenyl-3-phenylazopyrazole.—1-Phenyl-3-phenylazo-A?-pyrazoline (2-5 g.) was dissolved in 
acetic acid (25 c.c.), and lead tetra-acetate (6-0 g.) added at 20°. The temperature rose to 44° 
and the colour of the solution changed from orange to yellow. Addition of water (200 c.c.) 
precipitated a yellow oil which rapidly solidified. Recrystallization from benzene gave 
1-phenyl-3-phenylazopyrazole as bright yellow needles, m. p. 101° (1-51 g., 61%) (Found: 
C, 72-65; H, 4-8; N, 22-15. C,,H,,N, requires C, 72:8; H, 4:85; N, 22-6%). 

Reduction of 1-Phenyl-3-phenylazopyrazole.—The azo-compound (5-0 g.) was heated in ethanol 
(50 c.c.) and concentrated hydrochloric acid (25 c.c.) with tin (10 g.) for 15 min., the resulting 
colourless solution was filtered hot, and the filtrate made alkaline with 2N-sodium hydroxide 
(250 c.c.). The ethanol was then removed by distillation and the residue cooled to precipitate 
colourless needles. Recrystallized from water these gave 3-amino-1-phenylpyrazole, m. p. 101° 
(1:0 g., 31%) (Found: C, 68-0; H, 5-5; N, 26-2. C,H,N, requires C, 67-9; H, 5-65; N, 26-4%). 
It readily gave the acetyl derivative, colourless needles (from aqueous ethanol), m. p. 129° 
(Found: C, 65-7; H, 5-6. C,,H,,ON, requires C, 65-7; H, 5-5%). 

1-(1-Phenylpyrazol-3-ylazo)-2-naphthol_—3-Amino-1-phenylpyrazole (0-32 g.) was diazotized 
in N-hydrochloric acid (5 c.c.) at 0° with sodium nitrite (0-15 g.) in water (1 c.c.). The yellow 
solution was added to a solution of 8-naphthol (1-0 g.) in N-sodium hydroxide (30 c.c.). The 
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precipitate, recrystallized from acetic acid, yielded 1-(1-phenylpyrazol-3-ylazo)-2-naphthol as 
black needles with a green lustre, m. p. 178° (0-3 g.) (Found: C, 72-2; H, 4-65. C,,H,,ON, 
requires C, 72-5; H, 4:45%). 

3-A mino-1-phenylpyrazole.—1-Phenylpyrazole-3-carboxylic acid (Claisen and Roosen, 
Annalen, 1894, 278, 294) (7-5 g.) was boiled with ethanol (25 c.c.) and sulphuric acid (0-1 c.c.) for 
20 hr. After neutralization of the free acid, the ethanol was evaporated to leave the crude 
ethyl ester as a syrup (5-1 g., 60%) which was dissolved in ethanol (20 c.c.), and 90% hydrazine 
hydrate (5-0 c.c.) added. The solution was boiled for 3 hr., cooled, and diluted with water 
(20 c.c.). The precipitate, recrystallized from aqueous ethanol, gave 1-phenylpyrazole-3- 
carboxyhydrazide as colourless needles, m. p. 138° (3-5 g., 75%) (Found: C, 58-7; H, 6-0. 
C,9H,,N, requires C, 58-8; H, 5-9%). The hydrazide (3-0 g.) was dissolved at 5° in Nn-nitric 
acid (15 c.c.), and sodium nitrite (1-0 g.) in water (3 c.c.) added with stirring. An oil was 
precipitated which rapidly solidified and after 1 hr. was collected and dried im vacuo, giving 
colourless 1-phenylpyrazole-3-carboxyazide, m. p. 74° (decomp.) (2-9 g., 87%) (Found: N, 31-8. 
C,»9H,ON, requires N, 32°5%). The azide (2-35 g.) was boiled for 5 hr. with ethanol (20 c.c.), 
and the solution diluted with water (20 c.c.) and kept overnight at 0°. 1-Phenylpyrazol-3-yl- 
urethane separated and was obtained from ethanol as colourless needles, m. p. 102° (1-9 g., 75%) 
(Found: C, 62-4; H, 5-8. C,,H,,0,N, requires C, 62-3; H, 5-65%). The urethane (1-5 g.) was 
heated at 100° for 4 hr. with 10% sodium hydroxide solution (40 c.c.). On cooling, crystals 
separated which, recrystallized from water, gave 3-amino-l-phenylpyrazole as colourless 
matted needles, m. p. 101° (0-7 g., 54%) (Found: C, 67-8; H, 5-7%). 

Arylation of 1-Aryl-A®-pyrazolines.—1 : 3-Diphenyl-A?-pyrazoline was obtained by the 
following three procedures: (a) A solution of benzenediazonium chloride prepared from aniline 
(0-9 c.c.), 5N-hydrochloric acid (5 c.c.), and sodium nitrite (0-75 g.) in water (3 c.c.) was added 
with stirring to 1-phenyl-A?-pyrazoline (1-45 g.) in pyridine (20 c.c.) at 5—10°. Nitrogen was 
evolved throughout the addition. After 10 min. water (50 c.c.) was added to precipitate a mass 
of brown needles. Recrystallization from methanol gave | : 3-diphenyl-A?-pyrazoline as yellow 
needles, m. p. 152° (1-26 g., 56%) (Found: C, 81-2; H, 6-5. Calc. for C,;H,,N,: C, 81-0; 
H, 6-3%). 

(b) Experiment (a) was repeated but with 3% alcoholic sodium hydroxide (30 c.c.) instead 
of pyridine. 1: 3-Diphenyl-A®-pyrazoline (75%) was again obtained. 

(c) A diazonium solution as in (a) was added with stirring to 1-phenyl-A?-pyrazoline (1-46 g.) 
and sodium acetate (5 g.) in ethanol (30 c.c.) at 0°. A deep yellow solution was produced 
initially, but rapidly became colourless with evolution of nitrogen and separation of yellow 
crystals of 1 : 3-diphenyl-A*-pyrazoline, m. p. 150° (0-9 g., 40%). The filtrate, on dilution with 
water, gave a tar which was dissolved in light petroleum and chromatographed from alumina, 
to give 1: 3-diphenyl-A?-pyrazoline (0-4 g., 18%) and 1-phenyl-3-phenylazo-A?-pyrazoline as 
orange-red plates, m. p. 156° (0-21 g., 8-5%). 

By procedure (a) the compounds of Table 5 were prepared. 


TABLE 5. 1 : 3-Diaryl-A*?-pyrazolines (I). 
Found (%) 

Ar R M.p. Yield (%) Cc H Formula 
Ph m-Tolyl 77° 4 33 82-0 CisHyN, 81-4 
m-Tolyl  m-Tolyl 120° 65 81-55 es Pe 81-65 
m-Tolyl Ph 89 ¢ 28 81-6 Cy .H,.No 81-4 

p-C,H,Br 1334 62 59-6 C,sH,3N,Br 59-8 
p-C,H,Cl 132° 34 70-0 C,5H,3N,Cl 70-2 
Ph 119° 40 81-3 ; 
Ph 107¢ 33 81-5 } CieHieNa 4 
Ph 133 4 31 84:2 63 Cy,HiN, 84-6 
* Pale yellow needles from methanol. ° Buff leaflets from methanol. ‘¢ Colourless leaflets from 
ethanol. 4 Colourless needles from ethanol. 


Required (%) 
C H 
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The Absence of Rearrangement in the Conversion of Benzene-n-diazoate 
into the isoDiazoate, demonstrated by the Use of Isotopic Nitrogen. 


By G. A. Swan and (in part) P. KELry. 
[Reprint Order No. 4724.] 


It has been shown by the tracer technique that in the z- and the iso- 
diazoate the same nitrogen atom is attached directly to the benzene nucleus, 


For many decades the controversy as to whether the isomerism of the aromatic diazo- 
compounds is of a structural or a geometrical type remained unsettled. During the last 
few years, however, largely through the physical measurements made by Le Feévre and his 
collaborators, Hantzsch’s geometrical hypothesis has been upheld for the diazocyanides 
(see Campbell, Ann. Reports, 1947, 44, 134) and the diazosulphonates (Freeman and Le 
Févre, J., 1951, 415); and hence, by analogy rather than through the accumulation of 
further experimental evidence, the geometrical isomerism of the n- and the tso-diazoates 
has become more widely accepted. So far as the structural isomerism of the latter is con- 
cerned, Bamberger’s theory is unacceptable on present day views of valency, while Angeli’s 
theory has received comparatively little attention, one of its chief drawbacks being that it 
involves postulating migration of an oxygen atom from one nitrogen atom to the other, for 
which neither analogy nor experimental support appears to have been brought forward. 
However, the work of Farrar and Gulland (/J., 1944, 368) suggested that the hydrolysis of 
azoxysulphones gives rise to an -diazoate as primary product, which would imply oxygen 
transfer on either Hantszch’s or Angeli’s theory, and merit further consideration of the 
latter. 

There seems, however, to be an alternative possibility, namely, that it isthe phenyl group, 
rather than the oxygen atom, which migrates, in which case one might have the scheme : 


- - - + 
Ph:*N=N —» Ph:*N=N —+¥» Ph:N=—*N-O ——» Ph:N=*N 
O 


This has, however, been disproved by the tracer technique. 

Holt and Bullock (J., 1950, 2310) prepared a diazonium solution from [!5N]aniline and 
sodium [!4Njnitrite, coupled this with 2-naphthol, separated the two amines formed by 
reduction of the azo-compound, and showed that the aniline hydrochloride was enriched in 
19N, while the l-amino-2-naphthol hydrochloride was enriched to a much lesser degree. 
(The fact that it was enriched at all was attributed to contamination with aniline hydro- 
chloride.) This work has been repeated; and the conditions recorded in the Experimental 
section were found to give a much more satisfactory separation, as seen from the results in 
the Table. 

The experiment was then repeated; but the diazonium salt was converted into potas- 
sium tsodiazoate, which was isolated in the crystalline form, acidified to reconvert it into 
the diazonium chloride, and then coupled as before. In both experiments it was found 
that the aniline hydrochloride produced was enriched in '®N to approximately the same 
extent as the starting aniline hydrochloride, and the 1-amino-2-naphthol was not appreci- 

15N Excess (%) 
a $$ — -- 

Formed by coupling Formed by coupling 

Compound Original with n-diazoate with isodiazoate 


Aniline hydrochloride 9-91 9-64 
1-Amino-2-naphthol —- 0-06 0-02 


-—_-- 


ably enriched. These two experiments prove that in the n- and the iso-diazoate the same 
nitrogen atom is attached directly to the benzene nucleus, it being assumed that no 
rearrangement occurs in the transformation of zsodiazoate into diazonium salt. 
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EXPERIMENTAL 


Isotope Analysis [by P. KELLY].—The isotopic enrichments were determined by the use of a 
Metropolitan Vickers Type M.S.2 mass spectrometer on nitrogen samples prepared from amines 
in the way described by Rittenberg, Keston, Rosebury, and Schoenheimer (J. Biol. Chem., 
1939, 127, 291). 

[45N]A niline.—In preference to the method of Holt and Bullock (loc. cit.), that of Fones and 
White (Arch. Biochem., 1949, 20, 118) was used, after modification so as to avoid the necessity 
for distilling the ammonia and of using an excess of the latter, which otherwise involves recovery. 
A solution of ammonium nitrate (0-8 g., containing approximately 10% excess of ™N in the 
ammonium ion) in water was cooled in ice, treated with a solution of sodium hydroxide (0-84 g.) 
in water, and then shaken at room temperature for 1 hr. with a solution of benzoyl chloride 
(1-5 g.) in pure, dry chloroform (75 ml.). The chloroform layer was separated, and the aqueous 
layer extracted with several small portions of chloroform. The solvent was removed through 
a short fractionating column from the combined and dried (Na,SO,) extracts, and the residual 
solid was washed with a little light petroleum (b. p. 40—60°) to free it from a trace of benzoyl 
chloride. The yield of benzamide was 1-1 g. This was converted into aniline as described by 
Fones and White except that the product was isolated by steam-distillation; the acidified 
(hydrochloric acid) distillate was evaporated to dryness in a vacuum (water-bath), and yielded 
{45Njaniline hydrochloride (1-05 g.). 

Coupling Experiment with n-Diazoate.—{*N]Aniline hydrochloride (0-1 g.) in water (1 ml.) 
containing concentrated hydrochloric acid (0-15 ml.) was diazotised by the dropwise addition of 
an aqueous solution of sodium nitrite until a permanent excess of nitrous acid was present. The 
resulting solution was poured into excess of 2-naphthol in sodium hydroxide solution; the 
precipitated azo-compound was collected, washed with water, and dried (0-16 g., m. p. 130°). 
This was heated under reflux on the water-bath with a solution of sodium dithionite (0-52 g.) in 
water (3 ml.) and ethanol (6 ml.), to which had been added sodium hydroxide (0-24 ml., 40% 
solution), until the red colour was discharged. A few drops of N-sodium hydroxide were then 
added to bring the pH of a mixture of a test portion of the solution with three volumes of water 
to approx. 8-5. The aniline was then removed by steam-distillation ; approx. 30 ml. of distillate 
were collected, the distillation flask being heated to prevent the volume of liquid therein from 
increasing. After being cooled, the residue was filtered and the precipitate of l-amino-2- 
naphthol (40 mg.) washed with water and dried ina vacuum. In one experiment, this base was 
purified by conversion into the hydrochloride; but no change in isotopic ratio was observed. 
The acidified (hydrochloric acid) steam-distillate was evaporated to dryness in a vacuum; the 
residue was dissolved in a small volume of methanol, and diluted with ether. Filtration of the 
cooled solution yielded aniline hydrochloride (65 mg. ; m. p. 197—198°) which was washed with 
ether and dried. 

Coupling Experiment with isoDiazoate—A mixture of potassium hydroxide (1-5 g.) and 
water (0-5 ml.) was heated until homogeneous in a nickel crucible, then cooled in ice with stirring. 
To this was added, with stirring, a solution prepared by diazotisation of [*N]aniline hydro- 
chloride (0-26 g.) in water (0-5 ml.) and concentrated hydrochloric acid (0-35 ml.). When 
dissolution was complete, the crucible was plunged into an oil-bath at 140°, and the contents 
were stirred until they solidified. The crucible was then cooled to 100°, and the contents were 
dissolved in hot water ($ volume) and cooled. The resulting product was collected on a sintered- 
glass filter and extracted with a small volume of ethanol at 40°, and the filtered solution was 
diluted with ether and cooled to 0°. The resulting potassium benzeneisodiazoate (0-13 g.) was 
collected, washed with ether, and dried in a vacuum. It was then dissolved in ice-cold water 
(0-2 ml.), and the resulting solution was added dropwise to stirred, ice-cold hydrochloric acid 
(1 ml.; 1:1). The resulting diazonium solution was then coupled with 2-naphthol as described 


above. 
Thanks are offered to Professor G. R. Clemo, F.R.S., for his interest. 
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The Mechanism of Friedel-Crafts Acylation. 
By G. BADDELEy and D. Voss. 
[Reprint Order No. 4636.] 


Halogen exchange between aluminium halide and 2: 4: 6-tribromo- 
and 2:4: 6-trimethyl-benzoyl halides severally has been demonstrated 


+ - 
and is explained by postulating a reversible process Ar-CX‘O*AlX, == 


Ar-CO + AIX, in which the ions are present only as traces; similar results 
have been obtained on using tin and titanium chlorides. 

The absence of steric hindrance when these acid halides are employed 
in the Friedel-Crafts reaction provides further evidence that the acyl cation 
is the acylating agent (Fairbrother, /., 1937, 503). The apparent loss of a 
molecular proportion of aluminium halide during reaction and the effect of 
added reagents on the course of reaction (J., 1949, S99) are explained. 

When poured into water, a mixture of 2: 4: 6-tribromobenzoic anhydride 
and aluminium bromide affords the acid and its bromide in equimolecular 
amounts. The anhydride and bromide of 2: 4: 6-tribromobenzoic acid, 
unlike the methyl ester, dissociate in concentrated sulphuric acid. 


INTERACTION of benzene derivative (ArH), acid halide (R°-COX), and aluminium halide 
(formulated as AIX,) frequently provides a crystalline oxonium complex of aromatic 
ketone and aluminium halide : 

ArH + R-COX + AIX, —» ArCR‘0-AIX, -+ HX 
and gradual addition of one component to a mixture of the other two, usually in a solvent, 


provides the three most popular methods. 
Acid halides and aluminium halides often combine exothermally to provide crystalline 


addition compounds which are probably oxonium complexes R-CX: O- AIX, since many 
ketones and ethers behave similarly whereas alkyl, aryl, and aralkyl halides do not. These 
complexes have been named as effective electrophilic reagents in the Friedel-Crafts reaction 
and this has been formulated as in (i). Meerwein (Annalen, 1927, 455, 227) suggested the 
ionisation process (ii), and this has been substantiated by Fairbrother (loc. cit.) who, 
employing radioactive tracers, showed that halogen exchange occurs between acetyl and 


+ 
aluminium chlorides. Although a cation R°CO is now accepted as acylating agent in 
the Friedel-Crafts reaction the evidence is not conclusive, since halogen exchange might 


R-CX!O-AIX, + ArH ——» R-CAr‘O-AIX, + HX 
R-CO-X + ALX, ——™ [R-CO]+ + [AIX,]- 
sal r €4 
R-CX!0-AIX, === R-C-O-AIX, ==" R-CX!0-AIX, 
X+ 

R-CX:O‘AIX, ap=2ae RCO} +[AIXJ-. . . . . . . : fv) 
be effected by a nucleophilic substitution process (iii) related to that effecting oxygen 
exchange between aldehyde and water: R*CH:O + H,O == R:‘CH(OH),. Mechanism 
(iii), in contrast to (1i), is susceptible to steric hindrance, and ready halogen exchange when 
the carbonyl group of the acid halide is enclosed by bulky vicinal substituents, as in 
2:4: 6-tribromo- and 2: 4: 6-trimethyl-benzoy] halide, would afford support for mechanism 
(ii). This is now provided; the data are assembled in Table 1. 

The extent of halogen exchange between 2 : 4 : 6-tribromobenzoyl bromide and metal 
chloride and between the acid chloride and metal bromide was readily determined : these 
acid halides do not react with water at room temperature, and decomposition of mixtures 
of acid and metal halides with iced water provided mixtures of acid chloride and bromide 
which could be isolated and analysed. Since decomposition with water gave no measurable 


[1954] Friedel-Crafts Acylation. 419 


amount of carboxylic acid, the acyl cation shown in (ii) is present only in traces, and 
addition compounds of acid and aluminium halides are therefore to be represented by (iv). 
The above analytical method is not applicable to reaction of aluminium bromide with 
benzoyl chloride and its 2: 4: 6-trimethyl derivative since these are readily hydrolysed ; 
instead, reaction mixtures were placed in an atmosphere of dry hydrogen bromide (1 mol.) 
and a rough estimate of halogen exchange between acid and aluminium halides (1 mol.) 
was afforded by analysis of the gas phase : 
Ar-COCl + AIBr, === Ar-COBr + AICIBr, 
AICIBr, -+- HBr ——™ AIBr, + HCl 


The method is based on the comparatively slow exchange between acid and hydrogen 
halides (compare data in Table 2 with those in Table 1) and on rapid exchange between 
hydrogen halide and aluminium halide which is in solution as a complex (¢.g., exchange 
is rapid between hydrogen chloride and aluminium bromide in nitrobenzene). The method 
has limitations. 


TaBLE 1. 2:4:6-C,H,BrgCOCI+-2AlBr, == 2: 4: 6-C,H,Br,*COBr+AICIBr,+AlBrs. 
Exchange (%) Exchange (%) 
Solvent Temp. Time (hr.) Found  Calc.* Solvent Temp. Time(hr.) Found Calc.* 
C,H;*NO,... 25-0° 1-00 83-6 85-7 1-00 78-2 85-7 
25-0 3-00 86-2 o 
Ar-COCl + AIBr, === Ar-COBr + AICIBr, in CS, 
AICIBr, + HBr == AIBr, + HCl 
100 [HCl] /([HCl}] + [HBr}) 
for the gas phase 
Ar-COCI Temp. Time (hr.) Found Calc.* 
Ckh CON | kak ciena sts savinee’ <viden inthe 18-0° 1-00 25 20 
2:4: 6-C,H,Me,°COCI 18-0 1-00 21-5 Be 


2:4: 6-C,H,Br,-COBr + Metal chloride (2 mols.) ——» 2: 4: 6-C,H,Br,°COCI + etc. 
in ethylene chloride at 20-0° in ethylene chloride at 20-0° 
Metal Time Exchange (%) Metal Time Exchange (%) 
chloride (hr.) Found Calc.* chloride (hr.) Found Calc. 
94-8 100 ft a 6 70-1 89 
85-0 89 


TABLE 2. Extent of exchange Ar-COCI] + HBr—» Ar-COBr + HCl after 3 hr. in CS, 
at 18-0°. 
Exchange (%) Exchange (% 
Ar-COCI Found Calc.* Ar-COCI Found Calc.* 

2:4: 6-CgH,Me,°COCI 7 50-0 2:4: 6-C,H,Br,-COCI 50-0 
CH COGS occ .cadiiasser : 

* For random distribution of halogen. 

t+ Halogen exchange occurs between aluminium bromide and the solvent. 


2: 4:6-Tribromobenzoyl halide, by reacting readily with mesitylene, m-xylene, 
p-xylene, benzene, and naphthalene (rates decrease in this order) in the presence of alumin- 
ium halide, provides evidence that acyl cation and not sterically hindered oxonium complex 
is the acylating agent in these reactions. 2:4: 6-Trimethylbenzoyl halide, however, 
reacts with none of these hydrocarbons, but this inertness is caused by the comparatively 
low reactivity of the 2:4: 6-trimethylbenzoyl cation and not by steric hindrance, since 
addition of anisole provides a ready Friedel-Crafts reaction. 

Interaction of benzoyl chloride and benzene affords benzophenone in yields which are 
proportional to the amount of aluminium chloride added, and is complete when little 
more than a molecular proportion of reagent (as AICl,) is used (Riddell and Noller, 
J. Amer. Chem. Soc., 1930, 52, 4365). This relationship applies to the preparation of many 
aromatic ketones, and Ulich and Heyne (Z. Elektrochem., 1935, 41, 509) concluded that 
the reagent is firmly attached to the resulting ketone and no longer able to activate more 
acid halide; this conclusion is not wholly true, since we now show (Table 3) that halogen 
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exchange between tribromobenzoy] chloride and aluminium bromide occurs, though slowly, 
in the presence of excess of benzophenone. Friedel-Crafts reaction does not occur under 
these conditions, even when anisole is added; apparently, presence of the ketone does not 
ie se py _ PAIBE ’ er 
TABLE 3. 2:4: 6-C,H,Br,*COC] —— 2: 4: 6-C,H,Br,-COBr in nitrobenzene at 25-0° 
and in the presence of (a) benzophenone (3 mols.) and (b) benzophenone (3 mols.) and 
anisole (2 mols.). 
(a) (0) 
_ A a co SS eee —— ——— 
In C,H,*NO, Exchange (%) Exchange (%) 
Time (hr.) Exchange (%) Time (hr.) Exp: 1 Exp. 2 Time (hr.) Exp.1 Exp. 2 
1 83-6 5:7 6-5 1 6:8 6-3 
3 86-2 2-5 18-4 15-2 3 17:3 18-2 
26-8 28-0 6 30:1 29-0 
31:8 31-6 


— 


prevent formation of acyl cation, but lowers its efficacy as an acylating agent; this 
deactivation is probably effected by association : 


+ 
CRO + Ar-CRIO ——» [ArCRiO . . . . CRiO}+ 


Similarly, ability of added substances, ¢.g., m-dinitrobenzene <nitrobenzene <benzo- 
phenone<-methoxybenzophenone, to retard or even to suppress Friedel-Crafts reactions 
is related to their ability to solvate acyl cation as well as to engage aluminium halide. 
Further, as these added substances may provide bulky solvated acyl cations which are 
susceptible to steric hindrance, they may alter the course of reaction; e.g., they increase 
the extent of $-substitution in naphthalene (loc. cit.). 

Acid anhydride combines with 2 mols. of aluminium halide to afford one of acylating agent ; 
it is probable that half the metal halide provides acid halide (reaction v) (Adrianowsky, 
J. Russ. Phys. Chem. Soc., 1879, 11, 116) which combines with the other half of the metal 
halide (reaction vi). These formulations are now further substantiated : 2: 4: 6-tribromo- 
benzoic anhydride (obtained by addition of water to the product of interaction of the acid 
halide and pyridine in ether) and aluminium bromide were brought together in carbon 
disulphide and afforded equimolecular amounts of the acid and its bromide when poured 
into water : 

(R°CO),0 + AIX, ——» R:COX + R'CO-OAIX, bn, ai, clo eee shy ER 


+ - 
(R-CO),0 + 2A1X, ——» R‘CX:0-AIX, + R‘CO‘OAIX,. . . . . (vi) 


yH0 


R-COX + R:CO,H 

The bromide and anhydride of 2: 4: 6-tribromobenzoic acid are stable in water but, 
unlike the methyl ester (Hammett and Treffers, J. Amer. Chem. Soc., 1937, 59, 1708), 
dissociate in concentrated sulphuric acid; the former evolves hydrogen bromide and, 
when poured into water, both solutions afford the organic acid. These observations support 
the view that dissociation : 

Ar-COY + H,SO,—» Ar-CO + YH + SO,H- 

increases with increase in electronegativity of Y (Br and O*COAr>OAIk). 

It is noteworthy that methyl 2: 4: 6-trimethylbenzoate dissociates in sulphuric acid 
(idem, tbid.), but not in combination with aluminium halide at room temperature. 


EXPERIMENTAL 
2:4: 6-C,H,Br,-COCI] + AlBr, ——» 2: 4: 6-C,H,Br,-COBr + AICIBr,. 

(i) In carbon disulphide. Aluminium bromide (1-40 g., 2 mols.) was distilled irito a reaction 
flask (50 c.c.) and dissolved in dry carbon disulphide (15 c.c.); the acid chloride (1-0 g.) in 
carbon disulphide (10 c.c.) was added and the flask was sealed and placed in a thermostat at 
18-0°. After 1 hr., the mixture was poured on crushed ice, the lower layer was separated, and 
the aqueous layer was further extracted with carbon disulphide (3 x 10 c.c.); the extracts 
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were washed with water till free from chloride ion and dried (K,CO,). Removal of solvent 
afforded a residue, m. p. 32-5°, which did not depress the m. p. (33°) of the acid bromide on 
admixture. [This observation did not identify the residue since small additions of the acid 
chloride did not depress the m. p. of the bromide which was obtained by the action of phosphorus 
pentabromide on the acid; the bromide, b. p. 195—-200°/15 mm., crystallised from light petroleum 
in colourless cubes, m. p. 32-5—33° (Found: Br, 75-2. C,H,OBr, requires Br, 75-8%).] The 
residue was heated with aqueous ammonia (d 0-88; 25c.c.) until most of the ammonia had volatil- 
ised, and the acid amide (0-90 g.) was separated, washed with water, and dried; the filtrate was 
acidified with nitric acid, and halide ion precipitated by addition of silver nitrate solution; silver 
halide was separated, dried, and weighed (Found: 0-4659 g.) and afforded silver chloride (0-3750 
g.) when heated in a stream of dry chlorine to constant weight. Recovered acid halide was 
therefore a mixture of acid bromide (78-2) and chloride (21-8 mols. %). The experiment was 
repeated in a reaction flask fitted with inlet and outlet tubes (the former reaching to the bottom 
of the flask), and a stream of dry nitrogen saturated with carbon disulphide at room temperature 
was passed through the reaction mixture to remove the little hydrogen bromide which was 
present; after an hour, recovered acid halide contained bromide (73-5%). 

(ii) In nitrobenzene. (a) Acid chloride (5-0 g.) in nitrobenzene (20 c.c.) was added to 
aluminium bromide (7-0 g., 2 mols.) in nitrobenzene (20 c.c.) and the mixture was made up to 
50 c.c. in a graduated flask and kept at 25-0°; acid halide recovered after 1 and 3 hr. contained 
bromide 83-6 and 86-2%, respectively. 

(b) A homogeneous solution (65 c.c.) of acid chloride (5-0 g.), benzophenone (7-5 g., 3 mols.), 
and aluminium bromide (7-0 g., 2 mols.) in nitrobenzene was placed in a thermostat at 25-0°, 
and samples (10 c.c.) were analysed after 1, 2-5, 4, and 6 hr.; recovered acid halide contained 
bromide 5-7 (6-5), 18-4 (15-2), 26-8 (28-0), and 31-8 (31-6%), respectively, The values in 
parentheses were provided by a duplicate experiment. 

(c) When anisole (0-90 g., 2 mols.) was also present, acid halide recovered after 1, 3, and 
6 hr, contained bromide 6-8 (6-3), 17:3 (18-2), and 30-1 (29:0%), respectively. Acid halide 
was recovered in 98-5% yield. 

Metal chloride 
2:4: 6-C,H,Br,,;COBr ——————-» 2: 4: 6-C,H,Br,°COCI. 

(i) Aluminium chloride. Acid bromide (1-00 g.) in ethylene chloride (10 c.c.) was added 
to the metal chloride (0-65 g., 2 mols.) under ethylene chloride (10 c.c.). The mixture was 
shaken for 6 hr. in a closed vessel at 18°, and recovered acid halide then contained chloride 
(94-8%). 

(ii) Stannic chloride. Procedure was similar to that in (i). The reaction mixture was 
decomposed with ice and the lower layer was washed with dilute sodium hydroxide solution 
till free from tin, and dried (K,CO,). Removal of solvent provided acid halide containing 
chloride (70-1%). The same result was obtained when the reaction mixture also contained 
benzene (2 mols.). Friedel-Crafts reaction was not detected at room temperature or at 70°. 
Reaction occurred when mesitylene was added in place of benzene, and afforded mesityl 
2:4: 6-tribromophenyl ketone, m. p. and mixed m. p. 174°. 

(iii) Titanium tetrachloride. In this experiment the reaction mixture was decomposed 
with ice and hydrochloric acid (5n). The lower layer was thoroughly washed to remove 
titanium and halide ion, and afforded acid halide containing chloride (85-0%). Addition of 
benzene and of mesitylene to the reaction mixture provided results similar to those in the 
previous experiment. 


Ar-COC1 + HBr =e=™ Ar-COBr ++ HCl in carbon disulphide. 


Acid chloride (0:100 mole) was dissolved in solvent (25 c.c.) in an all-glass flask (250 c.c.) 
filled with dry hydrogen bromide (225 c.c., 0-100 mole), The mixture was shaken at 18-0° for 
a selected time before hydrogen halide was swept from the flask by a stream of dry nitrogen 
and absorbed in water; the ratio 100[HCI]/({[HCl] + [HBr]) was determined in the usual way 
and was in good agreement with the ratio 100[Ar*COBr]/([AreCOBr] + [Ar:COCI]}) for recoyered 
acid halide. The data are assembled in Table 2. 


Ar€OCl + AIBr, ——™ ArCOBr + AICIBr, 
AICIBr, + HBr === AIBr, + HCl 


A tube containing benzoyl chloride (1-4 g.) in carbon disulphide (5 c.c.) was placed in a 
reaction vessel (250 c.c.) containing aluminium bromide (2-7 g., 1 mol.) in carbon disulphide 
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(20 c.c.) and the vessel was filled with dry (P,O;) hydrogen bromide. After the mixture had 
been shaken at 18° for an hour, hydrogen halide was swept from the system and analysed; it 
contained hydrogen chloride (25%). A similar experiment in which 2: 4: 6-trimethylbenzoyl 
chloride was used afforded hydrogen halide containing the chloride (21-5%). 


AIBr, 
Relative rates of reaction 2: 4: 6-C,H,Br,*COCl + ArH ——» 
2:4: 6-C,H,Br,;COAr + HBr (or HCl). 


The all-glass reaction flask was fitted with a dropping-funnel and a gas-distributor con- 
veying dry nitrogen saturated with carbon disulphide at 18°. The flask contained aluminium 
bromide (0-60 g., 1-5 mols.) in carbon disulphide (15 c.c.), and acid chloride (0-60 g., 1-0 mol.) 
in solvent (10 c.c.) and then aromatic hydrocarbon (2 mols.) in solvent (10 c.c.) were 
added. Rate of reaction was determined by titrating the hydrogen halide which was swept 
from the system; the gases issuing from the reaction vessel were freed from aluminium halide 
by passage through a plug of glass wool. Times of half-reaction (in min.) for the following 
hydrocarbons are given in parentheses: Mesitylene (8), m-xylene (18), p-xylene (24), benzene 
(46), and naphthalene (70). In each instance the resulting ketone was isolated and crystallised 
from ligroin: 2:4: 6-Tribromo-2’ : 4’ : 6’-trimethylbenzophenone as rods, m. p. 174° (Found: 
Br, 51-8. C,,H,,OBr, requires Br, 52:1%), 2:4: 6-tvibyomo-2’ : 4’-dimethylbenzophenone as 
rods, m. p. 117° (Found: Br, 53-2. C,;H,,OBr, requires Br, 53-7%), 2: 4: 6-tribromo-2’ : 5’- 
dimethylbenzophenone as rods, m. p. 135° (Found: Br, 53-2%), and 2: 4: 6-tribromobenzo- 
phenone as needles, m. p. 147° (Montagne, Rec. Trav. chim., 1915, 34, 115). Naphthalene 
afforded the a-naphthyl ketone as plates, m. p. and mixed m. p. 175—176° (Found: Br, 50-9. 
C,,H,OBr, requires Br, 51-2%). An authentic sample was prepared as follows: Naphthalene 
(7 g.) in ethylene chloride (15 c.c.) was gradually added to a mixture of m-nitrobenzoyl chloride 
(10 g.) and aluminium chloride (30 g.) in ethylene chloride (25 c.c.); a ready reaction afforded 
a-naphthyl m-nitrophenyl ketone (13-4 g.), which crystallised from glacial acetic acid in light 
brown prisms, m. p. 122—-123° (Found: C, 74:1; H, 3-9; N, 5-1. C,,H,,O,N requires C, 
73-6; H, 4:0; N, 5-1%). Reduction by stannous chloride afforded the corresponding amino- 
ketone which was identified as an «-naphthyl ketone by deamination (Friedlander, Ber., 1889, 
22, 587) to a-naphthyl phenyl ketone, m. p. and mixed m. p. 74°. Addition of bromine to a 
solution of the amino-ketone in hydrochloric acid precipitated 3-amino-2 : 4: 6-tribromophenyl 
a-naphthyl ketone, which crystallised from glacial acetic acid in light brown prisms, m. p. 177— 
178° (Found: C, 41-8; H, 2-1; N, 3-3; Br, 49-3. C,,H,,ONBr, requires C, 42-15; H, 
2-1; N, 2-9; Br, 49-6%). Deamination afforded the required ketone, m. p. 175—176°. 

Friedel-Crafts Reaction with 2: 4: 6-Trimethylbenzoyl Chloride.—The acid chloride (0-55 g.) 
in carbon disulphide (10 c.c.) was added to aluminium bromide (1-1 g., 1-5 mols.) in solvent 
(15 c.c.); addition of benzene and naphthalene did not effect reaction, whereas ready evolution 
of hydrogen halide occurred on addition of anisole (0-65 g.). 4-Methoxy-2’ : 4’ : 6’-trimethyl- 
benzophenone (0-63 g.) was isolated as needles, m. p. 78—79°, from light petroleum (Burton 
and Praill, J., 1951, 533). It was identified by comparison (m. p. and mixed m. p.) with an 
authentic sample obtained by interaction of mesitylene (2-4 g.), aluminium bromide (2-7 g., 
2 mols.), and anisoyl chloride (1-7 g., 1 mol.) in carbon disulphide (Found: C, 80-1; H, 6-9. 
Calc. for C,,H,,0,: C, 80-3; H, 7:1%). 

2:4: 6-Tribromobenzoic Anhydride.—Pyridine (0-45 g.) was added to the acid chloride 
(1-0 g.) in ether (10 c.c.); deliquescent crystals separated overnight and, after removal of ether 
under reduced pressure, addition of water afforded the anhydride (0-85 g.); it crystallised from 
glacial acetic acid in needles, m. p. 149° (Found: Br, 68-3. C,,H,O,Br, requires Br, 68-6%). 

Reaction with aluminium halide. The anhydride (0-960 g.) in carbon disulphide (10 c.c.) 
was added to aluminium bromide (5 g.) in solvent (15 c.c.). After 24 hr. at room temperature, 
the solution was poured on ice and provided 2: 4: 6-tribromobenzoyl bromide (0-58 g., 98% 
of theoretical) and 2: 4 : 6-tribromobenzoic acid (0-40 g., 82%). Similarly, aluminium chloride 
in ethylene chloride converted the anhydride into equimolecular proportions of acid and acid 
chloride. 

A solution of the anhydride in concentrated sulphuric acid afforded the organic acid when 
poured into water. 
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The Kinetics and Mechanisms of Nucleophilic Displacements in Allylic 
Systems. Part V.* Reactivities of Allylic Halides by the Syl 
Mechanism of Hydrolysis. 

By C. A. VERNON. 
[Reprint Order No. 4647.] 


Rates of hydrolysis of a number of allylic chlorides in aqueous formic 
acid and in aqueous ethanol have been measured. In slightly aqueous 
formic acid the reactions proceed by the unimolecular mechanism; in 
aqueous ethanol some of the reactions are bimolecular. The unimolecular 
reactivity of allyl chloride is found to be greater, by a factor of about 25, 
than that of n-propyl chloride. Methyl and ¢fert.-butyl groups in the 1- and 
the 3-position of allyl chloride enormously increase the rate of unimolecular 
hydrolysis. The theoretical significance of these results is discussed. 


Previous papers (Parts I—IV *) have been concerned with bimolecular substitution 
with anionotropic rearrangement (Sy2’). As a further step in the study of nucleophilic 
displacement of chlorine in allylic chlorides, the present paper reports an investigation 
of the kinetics of the unimolecular (Syl) process in these and related compounds. 

Several investigations, mostly of solvolytic reactions in highly aqueous solvents, have 
provided evidence for the occurrence of the Syl mechanism in the reactions of some of the 
compounds studied. For example, the rate of hydrolysis of 1-methylallyl chloride in 
50° aqueous ethanol was found by Young and Andrews (J. Amer. Chem. Soc., 1944, 
66, 421) to be substantially unaffected by addition of hydroxyl ions: the reaction is 
therefore unimolecular. On the other hand, the hydrolyses of allyl chloride and 1 : 3-di- 
chloroprop-l-ene in 50% aqueous ethanol (Andrews and Kepner, 7bid., 1948, 70, 3456) and 
of allyl chloride, 2-methylallyl chloride, and 1 : 3-dichloroprop-l-ene in 50% aqueous 
dioxan (Pourrat and Schmitz, Bull. Soc. chim., 1952, 505; Kirrmann, Schmitz, and Saito, 
ibid., 1952, 515) are to a large extent bimolecular, since in these cases addition of hydroxyl 
ion produced a typically large acceleration in rate and led to purely second-order kinetics. 
3-Methylallyl (but-2-enyl) chloride provides an intermediate type of behaviour; its rate 
of hydrolysis in 50% aqueous ethanol was found by Young and Andrews (loc. cit.) to be 
appreciably increased by the addition of hydroxyl ions, and they concluded that its 
solvolysis was partly bimolecular. 

Oae and Werf recently (J. Amer. Chem. Soc., 1953, 75, 2724) studied the reactions 
between some allylic chlorides and silver nitrate in ethanol solution. The relative 
reactivities obtained are similar to those found in the present investigation for the 
solvolytic reactions in aqueous ethanol, where, as indicated by previous work and further 
substantiated by the results discussed later in this paper, hydrolysis proceeds by the 
unimolecular mechanism only with those allylic compounds having especially favourable 
structures. Oae and Werf found that the reactions with silver nitrate were of first order 
with respect to both organic chloride and silver nitrate. The products were identified 
only for the isomeric 1 : 3- and 3: 3-dichloroprop-l-enes, and in each case it was only 
3-chloroprop-2-enyl nitrate. In view of this result, it is not likely that the reaction of 
| : 3-dichloroprop-l-ene proceeds via a carbonium-ion intermediate, since in these 
circumstances ethers as well as nitrates would be expected. Furthermore, it has been 
shown by de la Mare and Vernon (Research, in the press) that, whereas bimolecular 
substitution in 1 : 3-dichloroprop-l-ene gives rise to unrearranged products, yet in uni- 
molecular substitution derivatives of acraldehyde arising from anionotropic rearrangement 
are also found. It therefore seems probable that the silver nitrate reactions are 
mechanistically complex and should not be regarded as of simple Syl type. 

To isolate the unimolecular mechanism for a series of allylic chlorides, including 
compounds with no especially facilitating structural feature, a solvent less favourable than 


* Parts I—III, /., 1952, 3326, 3331, 3628; Part IV, J., 1953, 3555. 
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aqueous ethanol or dioxan for the competing bimolecular process must be used, Such a 
solvent is slightly aqueous formic acid in which a low concentration of the nucleophilic 
reagent (water) is combined with a high ionising power. Since in this solvent even methyl 
and ethyl bromide are hydrolysed by the unimolecular mechanism, at least to a sufficient 
extent to give the characteristic rate sequence Me < Et < Pri (Bateman and Hughes, 
J., 1940, 945), it is to be expected that in the more favourable case of the allylic chlorides 
similar mechanistic behaviour will be found. 

Rates of hydrolysis of a number of compounds in formic acid containing 0-5% of water 
(hereafter called 0-5% aqueous formic acid) have therefore been measured, and ‘the effect 
of increasing the water content of the solvent to 10% has also been determined. The 
reactions in 0-5°% aqueous formic acid were found to be reversible, the value of the first- 
order rate coefficient (k,) decreasing after about 10% reaction had occurred. The initial 
value of k,, found by graphical extrapolation, or as the mean of values taken within the 
first 10% of reaction, was taken as the rate of the forward process. The results are given 


in Table 1. 


TABLE 1, Kinetic data for hydrolyses in aqueous formic acid.* 
0:5% of water 
c— a _ A — —_——, 
Compound Temp. Ex log B 
CH GCE macse cesses ssenss 100° *762 24-8 11-48 
CH,"CH, ‘CH, OE hide toieogistie4 iss 100 ca. @-029 — — 
CH, :C(CH,)-CH,Cl .. bgepcsips 100 O35 — — -- 
trans-CHCIL-CH:CH, Cl 100 Tt 24-4 11-60 3-49 fT 
cis-CHCL:CH-CH,Cl piste was yes 100 : — —- ~~ 
2: ot So | | Aeron 44-6 ? , 12-44 0-234 T 
CH,.CH-CI IC-CH, seboepabewes 44-6 2: 22- 13-39 18-1 
& Moe hee. =o i 44-6 ‘ 2- 13-59 10-5 
CH CHC BO! n.cisccpsvssces 44-6 5: - 
CHBaMCHrCH on. cesevcees eee 44-6 
* Values of , are expressed in min.“1, Ey in keal./mole. 
t Calc. on the assumption that one chloride ion per mole is released. 


10% of water 
10% 


Rate measurements on cinnamyl chloride and 1: 1- and 3: 3-dimethylallyl chloride 
could not be made in formic acid solvents, partly because the rates were inconveniently 
rapid even at the lowest temperature at which the solvent was liquid (ca. 8-0°) and partly 
because potentiometric titration of chloride ions could not be satisfactorily carried out in 
the presence of the unchanged materials. Rate measurements were, however, possible 
in 50° aqueous ethanol as solvent, and for comparison purposes similar measurements 
were made on the other compounds in the series. The results are given in Table 2 


TABLE 2. Kinetic data for hydrolyses in 50°% aqueous ethanol. 


Compound Temp. 103k, * : log B KOH (m)_ 10%, 102k, 
CH,:CH:CH,Cl “6° 0-101 20- 10-08 0-1698 2-50 fF 1-68 
CH,°CH, ‘CH MUM! sepasninaunh oon 6 0-58 - : 0-5329 1 3°55 
G H, *:C(CH,)*CH,Cl ‘6 0-154 . 0-1552 1-78 
trans- CHCICH:CH,Cl “6 0-099 10-48 0-1584 2-56 
cis-CHCIL:CH-CH,Cl 6 0-099 10-07 0-1622 3-52 
CHI ccrcicsiyines 1-13 12-34 01508 
CH,:CH:CHCI-CH, 6 8-23 12-73 0-1165 
CH,-CH!CH-CH,Cl 6 9-22 13-34 01960 
CHANGES | Giidincisces 3:31 14-38 0-0150 . “47 
(CH,),C:CH-CH,Cl ........06. 93-0 0-1010 . 95-0 
CH,:CH-C(CH,),Cl .........60. ca. 500 — 

* In absence of KOH. 
t Initial values of k, and Fy are in the same units as in Table 1; k, is in 1. mole“ min.“ 
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Discusst sults.—(a) Mechanisms. The unimolecular mechanism of nucleophilic 
displacement is characterised by a non-dependence of reaction rate on the concentration 
of the nucleophilic reagent. The simplest use of this criterion for reactions in aqueous 
solvents would be to expect that for a unimolecular reaction variation of the water content 
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of the solvent would produce no change of rate. This test has been used to interpret 
experiments in aqueous formic acid where the ionising power of the solvent is not greatly 
dependent on the water content (Bateman and Hughes, J., 1937, 1187). On the other 
hand, in aqueous ethanol, where a change in the water content produces a large “ solvent 
effect,” the criterion for unimolecularity must be differently applied. In this case the 
test is that, if a powerful base (e.g., hydroxyl ion) causes no increase in rate, then the 
much more weakly basic solvent cannot be functioning as a reagent in the rate-determining 
stage, and the reaction must be unimolecular (Hughes, Trans. Faraday Soc., 1941, 37, 612). 
On this basis the solvolytic reactions of allyl chloride, 2-methylallyl chloride, and 
1 : 3-dichloroprop-l-ene in 50° aqueous ethanol are largely and perhaps entirely bi- 
molecular, since in each case the addition of hydroxyl ions produced a large acceleration 
in rate similar to that found for n-propyl chloride. By the same criterion, the reactions 
of 3: 3-dimethyl- and 1-methyl-allyl chloride are, on the other hand, nearly purely uni- 
molecular. Incursion of a bimolecular component is apparent in the reactions of cinnamyl 
chloride, 3 : 3-dichloroprop-l-ene, and 3-methylallyl chloride, but except with the last 
compound the effect is probably comparatively small. The solvolysis of the tertiary 
halide, 1 : 1-dimethylallyl chloride, although too rapid for accurate assessment of the 
effect of added hydroxyl ions, must, for structural reasons, be purely unimolecular.* 
From the results in formic acid solvents, it was found that increase of the water content 
of the solvent from 0-5 to 10% slightly increased the rate of solvolysis for all the compounds. 
In this connection, consideration should be given to the possibility of a ‘‘ solvent effect ”’ 
or the incursion of bimolecular reactions. The hydrolysis of tert.-butyl chloride in aqueous 
formic acid is unquestionably unimolecular, and its rate is independent of the water content 
over a range of 0-5—10°% (Bateman and Hughes, loc. cit.). On the other hand, the increase 
in rate observed in the present instance is about the same for compounds having widely 
different bimolecular reactivities, and is shown, for example, by 1-methylallyl chloride, 
whose hydrolysis is unimolecular in 50° aqueous ethanol. We may, however, assume 
that the reactions in the less aqueous formic acid solvent are substantially unimolecular 
for the following reason. 1-Methylallyl chloride and 3: 3-dichloroprop-l-ene are 
hydrolysed largely by the unimolecular mechanism in 50° aqueous ethanol, a solvent 
known from Bateman and Hughes’s work (loc. cit.) to be less favourable for this mechanism 
than formic acid. Also, it has been previously noticed by these authors that, when the 
unimolecular mechanism operates in both solvents, there is a rough equality of rates. 
Tables 1 and 2 show that this equality of rate (and also of activation energy) holds 
approximately for those compounds whose hydrolysis in aqueous ethanol is unimolecular. 
For the other compounds the rates in 0-5°/, aqueous formic acid are much slower, and the 
activation energies larger, indicating a difference of behaviour in the two solvents. It is 
probable that the reactions of the less reactive compound are not entirely unimolecular in 
formic acid but are sufficiently so to enable valid structural comparisons to be made. 
(b) Structural comparisons. The Table on p. 426 shows the relative rates of uni- 
molecular hydrolysis at 44-6° of a number of compounds in 0-5% aqueous formic acid. 
Comparison of the unimolecular reactivities of allyl and -propyl chlorides shows that 
the allylic compound is the more reactive, as indeed it should be, but the ratio of the 
rates (ca. 25) is surprisingly small. In terms of the qualitative electronic theory, this 
might be interpreted as opposition of the inductive effect, CH,—CH«CH,<Cl, to electron 


release cH,=~CH—cH, U1. Nevertheless, the resonance energy of the allyl radical is 
about 18 kcal., and a similar stabilisation in the ion, leading to a large rate difference 
between allyl and 2-propyl chlorides, might have been expected. The observed ratio of 
rates corresponds, identity of the B factors being assumed, to a difference in activation 
energy of about 2-4 kcal. Using A. G. Evans and Hamann’s value (Trans. Faraday Soc., 


* The solvolysis of this compound in absolute ethanol is unaffected by added sodium ethoxide, and 
is therefore unimolecular. The reaction in 50% aqueous ethanol is very much faster, as would be 
expected for a unimolecular reaction. In aqueous ethanol, however, the first-order rate coefficient 
decreases as the reaction proceeds. A similar effect in glacial acetic acid has been shown by Young, 
Winstein, and Goering (J. Amer. Chem. Soc., 1951, 78, 1958) to be due to simultaneous solvolysis and 
rearrangement to 3: 3-dimethylallyl chloride. 
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1951, 47, 25) for the solvolysis at 25° of allyl chloride in slightly aqueous formic acid, and 
other published data, Franklin and Lumpkin (J. Chem. Phys., 1951, 19, 1073) computed 
that the Syl reactivities of allyl and n-propyl chloride in aqueous formic acid do not differ 
by a large factor. They drew attention to this as relevant to their observation that the 


CH,:CH:CH,Cl CH,:C(CH;,)°CH,Cl CH,°CH,°CH,Cl trans-CHC1:CH-CH,Cl 
1-00 ca. 0-5 * ca. 0-04 * 3-09 
cis-CHCL-CH:CH,Cl CH,:CH-CHCI, CH,:CH°CHCI-CH, 
ca. 2-1 * 6-54 x 10 5-67 x 108 
CH,°CH:CH:’CH,Cl CH,:CH-CHBu‘Cl © CHBut:CH:-CH,Cl 
3-55 x 108 2-52 x 108 2-26 x 10% 
CHPh:CH:-CH,Cl (CH,;),C:CH-CH,Cl CH,:CH:C(CH,),Cl 

ca. 5 x 10° Tf ca. 1:5 x 10° TF ca. 8 x 10° f 

* These are actually the relative rates observed at 100°. The true values at 44-6° are probably 
not very different. 

+ These values have been found by comparing the rates in 50% aqueous ethanol at 0° with the 
rate for 1-methylallyl chloride under the same conditions. The factors so obtained were multiplied 
by the rate of solvolysis of l-methylallyl chloride, relative to allyl chloride in 0-5% aqueous formic 
acid at 44-6°. The relative rates found in this way will be strictly correct only if the changes of solvent 
and temperature are without effect. This, of course, will not be the case, but the error is unlikely to 
be large. 


appearance potential of the allyl ion from allyl chloride is the same, within the experimental 
error, as that of the n-propyl ion from n-propyl chloride (Stevenson and Hipple, J. Amer. 
Chem. Soc., 1942, 64, 2766). Their conclusion was that the resonance energy of the allyl 
ion is small. Such a conclusion is not at variance with the present results, which show 
that the allyl double bond produces a small but significant enhancement of unimolecular 
reactivity. 

Substitution by an «-chlorine atom in allyl chloride is seen to increase the rate of 
hydrolysis in 0-5% aqueous formic acid, owing partly to a decrease in activation energy and 
partly to an increase in the B factor.* Similar increases in rate with «-halogen substitution 
have been found in the hydrolysis of benzyl halides in highly aqueous solvents, although 
under these conditions the reaction of the unsubstituted compound was not entirely 
unimolecular, and substitution by the second halogen increased the activation energy 
(Olivier and Weber, Rec. Trav. chim., 1934, 58, 869; Hine and Lee, J]. Amer. Chem. Soc., 
1951, 73, 22). Hughes (Trans. Faraday Soc., 1941, 37, 603) has stated that a-halogen 
atoms enhance unimolecular reactivity by their electron-releasing properties, presumably 
giving increased stabilisation to the carbonium ion formed. In the same way, a chlorine 
atom in the 3-position of allyl chloride produces a similar, though smaller, enhancement of 
reactivity. 

Methyl groups in either the 1- or the 3-position produce large increases in unimolecular 
reactivity, the effect of a second group being similar in magnitude to that of the first. 
Thus 1: 1- and 3: 3-dimethylallyl chloride ¢{ are more reactive than the unsubstituted 
compound by a factor of about 107—108. A phenyl group in the 3-position produces an 
effect intermediate in magnitude between those of one and two methyl groups. A methyl 
group in the 2-position is without significant effect. 

It is noteworthy that the expected order of reactivity, 3- > 1-methylallyl chloride, is 
actually found under unimolecular conditions, whereas for the solvolysis in aqueous ethanol 
(Young and Andrews, Joc. cit.) and the reaction with ethanolic silver nitrate (Oae and 
Werf, loc. cit.) the reverse order is obtained. 

Two major points of interest emerge when comparison is made of the effects produced 
by methyl and tert-butyl groups; first, the increase in rate is much the same for 
substitution of a given group in either the 1- or the 3-position, and secondly, for each 
position of substitution the order of electron release is Me > But > H. This so-called 


* This simultaneous operation of effects appears to be general among unimolecular reactions in 
solution 

t This result shows that the reactivity of the tertiary compound is not due to steric acceleration, 
since the methyl groups have roughly the same effect when in a position removed from the reaction 
centre. 
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“ hyperconjugation order ’”’ is to be expected in Syl reactions because of their strongly 
electron-demanding nature (Bevan, Hughes, and Ingold, Nature, 1953, 171, 301), and has 
been previously observed in the solvolyses of p-alkyldiphenylmethyl chlorides (Hughes, 
Ingold, and Taher, J., 1940, 949). Owing no doubt to the proximity of the electron- 
releasing groups to the reaction centre, the rate factors observed in the present case are, 
however, considerably larger than any previously reported. 

Hyperconjugation, as it is usually considered (cf. Baker, ‘‘ Hyperconjugation,” Oxford 
Univ. Press, 1952), arises from the intervention in the reaction process of the o electrons 


of the C-H bonds of the methyl groups and may be represented by aio. Although 
there is no formal need in the present case to postulate a similar intervention of the 
o electrons of the C—-C bonds in the /ert.-buty] group, it is nevertheless tempting to do so, 
since the election-releasing power of the /ert.-butyl group is apparently relayed through 
the allyl chain, exactly as with the methyl group, without appreciable loss. Thus the rate 
of hydrolysis of 3-tert.-butylallyl chloride is not much less than that of the 1-substituted 
compound. The postulation of the operation of C-C hyperconjugation, made by Berliner 
and Bondhus (J. Amer. Chem. Soc., 1948, 70, 854) for the case of electrophilic halogen 
substitution in fert.-butylbenzene, seems plausible in reactions which create a strong 
electron demand, and therefore draw forth all possible forms of electron release. 


EXPERIMENTAL 

(a) Materials.—Allyl chloride, 2-methylallyl chloride, n-propyl chloride, and cinnamyl 
chloride were prepared from commercial samples, which were washed with aqueous sodium 
hydrogen carbonate, dried (CaCl,), and fractionated. The products had, respectively: b. p. 
44-7—44-8°/760 mm., 27° 1-4116, hydrolysable Cl 46-3% (Calc. for C,H;Cl: Cl, 46-3%); b. p. 
72-1—72-2°/760 mm., un} 1-4244, hydrolysable Cl 39-1% (Calc. for CgH,Cl: Cl, 39-2%); b. p. 
47-1°/781 mm., n? 1-3850; b. p. 95—96°/3 mm., hydrolysable Cl 23-3% (Calc. for C,H,Cl: Cl, 
23-3%). cis- and trans-1 : 3-Dichloroprop-l-ene and 3: 3-dichloroprop-l-ene were prepared as 
described in Part I (loc. cit.). 

Samples of 1- and 3-¢ert.-butylallyl chloride were kindly given by Dr. P. C. Merriman and 
had, respectively: b. p. 53-5—54-7°/58 mm., n? 1-4348 (Found: C, 63-8; H, 10-0; Cl, 26-4. 
Calc. for C,H,,Cl: C, 63-4; H, 9-8; Cl, 26-8%); b. p. 63-4—63-6°/58 mm., n# 1-4390 (Found : 
C, 63-3; H, 10-0; Cl, 26-3. Calc. for C,H,,Cl: C, 63-4; H, 9-8; Cl, 26-8%). 

1: 1- and 3: 3-Dimethylallyl chloride were prepared by Ultée’s method (J., 1948, 530), and 
had, respectively: b. p. 28-0O—29-5°/120 mm., nj 1-4170, nf 1-4197; b. p. 58—59°/120 mm., 
n}® 1-4477, n® 1-4492 (Found: C, 57-4; H, 8-7; Cl, 33-2. Calc. for C,H,Cl: C, 57-4; H, 8-6; 
Cl, 34-0%). 

1- and 3-Methylallyl chloride were obtained by the action of thionyl chloride on crotyl 
alcohol. Cautious dropwise addition of crotonaldehyde (200 g.) to a stirred suspension of 
lithium aluminium hydride (36 g.) in dry ether gave, after working up in the usual way, crotyl 
alcohol (120 g., 58%), b. p. 120—122°/760 mm. The alcohol (116 g.) was cooled to 0° and 
thionyl chloride (195 g.) added dropwise during 2 hr. Next morning, the product was washed 
with aqueous sodium hydrogen carbonate until no further reaction was observed, and dried 
(CaCl,). Fractionation yielded 1-methylallyl chloride (33 g.), b. p. 63-6—63-9°/760 mm., n} 
1-4125, hydrolysable Cl 39-2% (Calc. for C,H,Cl: Cl, 39-2%); an intermediate fraction (10 g.), 
b. p. 63-9—84-1°/760 mm.; 3-methylallyl chloride (39 g.), b. p. 84-1—84-4°/760 mm., n} 
1-4325, hydrolysable Cl 39-2%. Chlorination of crotyl alcohol under these conditions therefore 
gives the isomeric 1- and 3-chlorides in the ratio 1 : 1-16, and with a combined yield of 57%. 

Anhydrous formic acid, obtained by careful fractionation of the commercial 98—100% acid, 
had b. p. 101°/760 mm., m. p. 8-30°. Aqueous formic acid solvents were prepared by adding a 
known weight of water to a known weight of anhydrous acid. 

Ethanol was dried by refluxing it with sodium ethoxide and ethyl phthalate and then distilled 
(Manske, J. Amer. Chem. Soc., 1931, 53, 1106). Aqueous ethanol solvents were prepared by 
mixing known volumes of water and dry ethanol. 

(b) Rate Measurements.—Thermostats were of conventional design and were constant in 
temperature to within +0-03°. Kinetic experiments with formic acid solvents were carried 
out as follows: a known quantity of organic chloride was dissolved in the medium, and the 
solution made up to 100 c.c. at room temperature. Portions of the solution (ca. 5-0 c.c.) were 
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sealed, leaving little free space, in stout Pyrex tubes. These were heated in a thermostat,* 
remoyed at appropriate intervals, cooled in alcohol—carbon dioxide, and broken under 100 c.c. 
of ethanol.tf The amount of chloride ions produced was determined by potentiometric 
titration with 0-01N-silver nitrate. The extent of reaction in the time required for the tubes to 
reach the temperature of the thermostat was determined from blanks, First-order rate 
coefficients were calculated from the formula k, = (2-303/t) log a/(a — x), where a is the initial 
concentration of organic chloride and # is the amount which has reacted at time ¢. When the 
value of k, decreased as the reaction proceeded, the initial value was found by graphical 
extrapolation. 

Details for typical runs with 3-methylallyl chloride at 44-6° are given below, titres referring 
to c.c. of 0-01N-silver nitrate : 


0-5°%, Aqueous formic acid 10% Aqueous formic acid 
i) { 
- A — : 


‘= = — seh Cc — erate: 5 ee ees ee | 

t 10°, t 10°, 10%, 
(min.) Titre (min.~') (min.) Titre (min.~') Titre = in.) Titre (min.!) 
0 6°58 — 25 11:88 6:17 7-90 14:90 10:3 
8-60 6-99 30 12-60 5-91 9-38 ' ) 16-55 10-5 
9-40 6-53 35 13-22 5-65 10-80 D 17:87 10:4 
10-30 6-62 40 13:90 5-50 12-28 { 36 19-35 106 
11:04 6-41 50 14:70 4:88 13-53 f 21-85 10-6 

[RCl] = 0-084M, 5-17-c.c. portions, [RC]] = 0-0852M, 5-17-c.c. portions, 
k, (initial) = 7-50 x 10°. k, (mean) 10-5 x 10-3. 


‘ 


Kinetic experiments in aqueous ethanol at temperatures above 40° were also carried out by 
the sealed-tube method. The tubes were broken under 100 c.c. of ethanol, and the resulting 
solutions were titrated with standard alkali (or acid, if the reaction mixture contained alkali), 
lacmoid being used as indicator. At lower temperatures a different procedure was used : 
a suitable quantity of organic halide was added to the solvent contained in a stoppered flask 
in a thermostat. After shaking, aliquot parts of the solution were removed by pipette at 
appropriate times and run into 100 c.c. of ethanol. The resulting solution was then titrated as 
previously described. The initial concentration of the organic halide was calculated from the 
titre obtained after complete reaction. 

For the very reactive 1: 1- and 3: 3-dimethylallyl chlorides it was necessary to cool the 
ethanol used to quench the reaction and to titrate with standard alkali (or acid) made up in 
absolute ethanol. 

Details for a typical run with cinnamyl chloride (0-0123m, 20-c.c. portions of solution) in 
50% aqueous ethanol at 25-8° are as follows, the titres referring to 0-0324N-sodium ethoxide : 
/(min.) 2:09 4:67 6-59 8-83 11-10 13-72 16-25 18-93 21-63 25 33 oo 
Titre 1:26 2:60 3-78 4:80 560 625 681 7:29 7:51 7:90 819 8-50 8-88 
10°%%, (min) — 93 93 95 96 90 97 O97 92 O97 98 98 — 


k, (mean) = 9-5 x 10°. 


Values of Arrhenius parameters were obtained by graphical means from measurements of 
rate coefficients at three different temperatures, usually spaced at 10° intervals; e.g., mean 
values of first-order rate coefficients (x 10%, min.) for 3-methylallyl chloride in 0-5% aqueous 
formic acid were: 44-6°, 7:50, 7:50, 8-10; 35-1°, 2-46; 25-1°, 0-735. 


The author thanks Professors E. D. Hughes, F.R.S., and C. K. Ingold, F.R.S., who suggested 
this problem, for their great help and encouragement, and also Dr. P. B. D. de la Mare for much 
valuable discussion. Helpful criticism of the manuscript from Professor and Mrs. E. Berliner 
is also gratefully acknowledged. 


WILLIAM RAMSAY AND RALPH FORSTER LABORATORIES, 
UNIVERSITY COLLEGE, Lonpon, W.C.1. [Received, September 9th, 1953.) 


* At the higher temperatures considerable pressure developed in the tubes, owing to formation of 
carbon monoxide from formic acid. For example, tubes containing 0-5% aqueous formic acid mostly 
exploded after 3 hr.’ heating at’ 100°. It was found best to cool the tubes in alcohol—carbon dioxide 
at —80°, thereby completely freezing the liquid contents, and then to release the pressure by cautiously 
applying a small blowpipe flame to the tip of the tube. 

+ Ethanol was used as the titration medium, in order to prevent further hydrolysis of the organic 
chloride during titration. 
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Griseofuluin. Part VIII.* Syntheses of the Alkaline 
Rearrangement Products. 


By J. MacMitian, T. P. C. MULHOLLAND, and (in part) 
A. W. Dawkins and G. Warp. 


[Reprint Order No. 4710.] 


The (—)-ketone (I; R= Cl) and the phenol (II; R = Cl) have been 
synthesised, thereby confirming the structures proposed in Part IV (J., 1952, 
3977) for the products of alkaline hydrolysis and mercuric oxide oxidation of 
griseofulvin. The structures of the corresponding derivatives of dechloro- 
griseofulvin have also been verified by syntheses of the (-+-)-ketone (I; R = 
H) and the phenol (II; R = H); the methyl ether of the latter product has 
been made by two independent routes. 


In Part IV (J., 1952, 3977) structure (I; R = Cl) was proposed for the ketone formed in 
the alkaline hydrolysis of griseofulvin, whilst the phenol, derived from it by aerial oxidation 
and also from griseofulvin by oxidation with alkaline mercuric oxide, was considered to be 
the dehydrogenation product (II; R= Cl). These conclusions have been confirmed by 
the syntheses of (—)-8-chloro-1 : 2 : 3: 4-tetrahydro-5 : 7-dimethoxy-1-methyl-3-oxodi- 
benzofuran (I; R = Cl) and the derived phenol (II; R = Cl), identical with the corre- 
sponding degradation products of griseofulvin. The structures proposed in Part VII * for 
the analogous derivatives of dechlorogriseofulvin have also been substantiated by syntheses 
of the (--)-form of (I; R = H) and the phenol (II; R=H). The crucial step in these 
syntheses involves ring closure of the ketone (IV) (cf. Panse, Shah, and Wheeler, J. Indian 
Chem. Soc., 1941, 18, 453; Henecka, Chem. Ber., 1949, 81, 197) and is thus essentially the 
last stage in the mechanism proposed in Part IV for the formation of (I; R = Cl) from 
griseofulvin. 

MeQ (CO 
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MeO 
~ >O Me 
MeO\ g0'CHyCO,Et 
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In the griseofulvin series, 7-chloro-4 : 6-dimethoxycoumaran-3-one (III; R = Cl) was 
prepared from 2-chloro-3 : 5-dimethoxyphenol by ring closure of the intermediate @ : 3- 
dichloro-2-hydroxy-4 : 6-dimethoxyacetophenone, and was condensed with pent-3-en-2- 
one, giving the Michael adduct (IV; R = Cl). Two racemates, arising from the creation of 
two centres of asymmetry, were isolated, each affording the (+-)-form of (I; R = Cl) on 
ring closure with aqueous alkali. Resolution by means of (—)-menthyl N-aminocarbamate 
(Woodward, Kohmann, and Harris, J. Amer. Chem. Soc., 1941, 63, 120) gave the (—)-form 
of (I; R = Cl), identical with the degradation product of griseofulvin. Regeneration of 
the ketone from the ‘‘ (—)-menthydrazone ”’ was difficult but was accomplished by hydro- 
lysis in acetone with sulphuric acid. 

Dehydrogenation of the (+-)-ketone (I; R = Cl) by aerial oxidation as for the natural 
compound (Part II, J., 1952, 3958) yielded the phenol (II; R= Cl). This and its methyl 
ether were identical with the phenol and methy] ether obtained from griseofulvin. 

In the dechloro-series the intermediate Michael adduct (IV; R = H) was not isolated 
under the conditions employed. Condensation of 4: 6-dimethoxycoumaranone (III; 
R = H) with pent-3-en-2-one gave directly the (--)-ketone (I; R =H) of which two 


* Part VII, J., 1953, 1697. 
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isomers were isolated. The «a-isomer, m. p. 104°, which was the main product, did not 
depress the melting point of the natural compound, m. p. 100°, and both possessed identical 
infra-red spectra. Attempts to resolve the two isomers with (—)-menthyl N-aminocarb- 
amate failed. 

Catalytic dehydrogenation of both isomers as described for the natural compound 
afforded the phenol (II; R =H). The phenol and its methyl ether were identical with 
the corresponding compounds obtained from dechlorogriseofulvin. 

The two (-+-)-isomers of the ketone (I; R = H) do not seem to be dimorphs since both 
can be sublimed unchanged, and can be separated by chromatography and, although a 
mixture melts at an intermediate value, the ‘‘ (—)-menthydrazones ’’ depress each other’s 
melting point. Since both give (II; R = H) on dehydrogenation they must possess the 
dibenzofuran skeleton. Although similar, the infra-red spectra of both forms showed small 
differences as solids and in ethylene chloride; both reveal the presence of an unconjugated 
carbonyl group (at 1715 in the a- and at 1720 cm.~! in the @-form) thus eliminating the 
«?-unsaturated keto-structure (V) for one of the isomers. The ultra-violet spectra of both 
isomers are identical with that of the natural ketone (I; R = H) (cf. Part VII) and show 
that the ethylenic bond is internuclear. It is conceivable that the a- and the @-isomer 
correspond to the two forms of the cyclohexene ring where the carbonyl] group is either 
above or below the plane of the double bond with respect to the methyl group. On the 
other hand the energy of the interconversion should be small and attempts to bring this 
about by sublimation or by heating the 8-isomer at 130° failed. 


MeO CO O MeQ CO COE 
RQ LOR RQ KO.kt 


c C 
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The (+-)-«-ketone (I; R = H) was also made by treatment of the ester (VIII) with 
aqueous alkali, thus affording a closer analogy with the postulated mechanism (Part IV) for 
the alkaline rearrangement of griseofulvin to (I; R = Cl). The ester (VIII) was prepared 
by Michael addition of pent-3-en-2-one to the ester (VII) which in turn was obtained by 
the action of sodium on (VI) (cf. von Auwers, Annalen, 1912, 393, 338). Although the inter- 
mediates (VII; R = Me and Et) in this series did not melt sharply, the non-methoxylated 
analogue of (VII; R = Et), which was prepared for comparison, behaved as expected and 
gave 1: 2:3: 4-tetrahydro-1-methyl-3-oxodibenzofuran and the corresponding phenol. 

Ring closure of ketones of the type (IV) provides a convenient synthesis of dibenzofurans 
substituted in the 3-position and the method could be extended to the preparation of 
derivatives unsubstituted in that position by reduction of the carbonyl group in the inter- 
mediate tetrahydro-3-oxodibenzofuran before dehydrogenation. 

Finally the methyl ether of the phenol (II; R = H) was synthesised by an independent 
route. 2-Chloro-5-methoxy-3-nitrotoluene, prepared from the 2-amino-compound 
(MacMillan, /J., 1952, 4019), was heated with 3: 5-dimethoxyphenol in the presence of 
potassium carbonate and copper bronze giving the diphenyl ether (IX ; R = NO,). 
Reduction and ring closure of the amine (IX; R= NH,), via the diazonium salt, 
afforded the required dibenzofuran. 


EXPERIMENTAL 


Some microanalyses are by Messrs. W. Brown and A. G. Olney. In chromatography B.D.H. 
alumina was either activated for 3 hr. at 250°/17 mm. (pH 10 alumina) or rendered alkali-free 
(Prins and Shoppee, J., 1946, 498) and then activated in the same way (pH 4 alumina). Infra- 
red absorption spectra were determined on Nujol mulls with a Grubb-Parsons S 3A spectrometer 
through which dry air was continuously circulated. 

7-Chloro-4 : 6-dimethoxycoumaranone (III; R= Cl).—(i) A mixture of 2-chloro-3: 5- 
dimethoxyphenol (2-0 g.) (J., 1952, 3967), chloroacety] chloride (2-5 g.), and nitrobenzene (3-0 g.) 
was treated with powdered aluminium chloride (2-8 g.). After the mixture had been kept at 
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room temperature for 20 hr., ice-water (40 ml.) and concentrated hydrochloric acid (8 ml.) were 
added, and nitrobenzene was removed by steam-distillation. The non-volatile product was 
collected and washed with water and then with methanol and ether until dark impurities were 
removed. w : 3-Dichloro-2-hydroxy-4 : 6-dimethoxyacetophenone remained as a pale yellow 
powder (1-7 g.) which crystallised from dioxan as pale yellow needles, decomp. 211° (Found : 
C, 45-6; H, 3-9; Cl, 26-4; OMe, 22-2. C, 9H, O,Cl, requires C, 45-3; H, 3-8; Cl, 26-8; 
20Me, 23-4%). The infra-red spectrum showed absorption due to carbonyl at 1633 cm." 
and to bonded hydroxyl at ~2600 cm.-, 

The chloroacetophenone (1-7 g.) and crystalline sodium acetate (2-0 g.) were heated under 
reflux with ethanol (200 ml.) for 1 hr. Removal of the solvent in vacuo gave 7-chloro-4 : 6- 
dimethoxycoumaranone, which, after being washed with water, crystallised from dioxan in 
needles (1-2 g.), decomp. 210—220° (depending on crystal size and rate of heating) (Found : 
C, 52-6; H, 4:25; Cl, 15-5; OMe, 24:3. ©, 9H,O,Cl requires C, 52-6; H, 4:0; Cl, 15-5; 20Me, 
OMe, 27:1%). The 2: 4-dinitrophenyihydrazone crystallised from nitrobenzene in red needles, 
decomp. 248° (Found: C, 47-4; H, 3-3; N, 13-5. C,gH,,0,N,Cl requires C, 47-0; H, 3-2; 
N, 13-7%). The benzylidene derivative, prepared by saturating the coumaranone (100 mg.) 
and benzaldehyde (50 mg.) in acetic acid (15 ml.) with dry hydrogen chloride at 0° during 1 hr. 
and decomposing the red complex with water, crystallised from ethanol in almost colourless 
needles, m. p. 264—265° (Found: C, 64:1; H, 4-4. C,,H,,0,Cl requires C, 64-4; H, 4:1%). 

(ii) A solution of 2-chloro-3 : 5-dimethoxyphenol (11-0 g.) and chloroacetonitrile (5-5 g.) in 
ether (80 ml.) containing 8% of fused zinc chloride was saturated with dry hydrogen chloride 
at 0° for 4 hr. After 15 hr. at 0°, the ether was decanted, and the solid was washed with ether 
by decantation and then freed from ether and hydrogen chloride im vacuo over potassium 
hydroxide. After the addition of water (150 ml.) the mixture was heated on the steam-bath 
for 1 hr., cooled, and filtered. Tarry impurities were removed by washing with ethanol and with 
ether. The residue was heated under reflux for 1 hr. with ethanol (1 1.) and crystalline sodium 
acetate (8 g.). On cooling, 7-chloro-4 : 6-dimethoxycoumaranone separated. It crystallised 
from dioxan (charcoal) in almost colourless needles (6-8 g.), decomp. 198—-204°. 

(--)-7-Chloro-4 : 6-dimethoxy-2-(1-methyl-3-oxobutyl)coumaranone (IV; R = Cl).—A solution 
of 7-chloro-4 : 6-dimethoxycoumaranone (7-0 g.) and pent-3-en-2-one (2-4 g.) in dry dioxan 
(500 ml.) was treated with ethanolic sodium ethoxide (3-1 ml.; 2N) at 30—33° and kept for 
24 hr. at room temperature. Acetic acid (30 ml.) was added and the mixture was evaporated 
to dryness in vacuo. A solution of the residue in benzene was washed with water, dried, 
concentrated to 60 ml., and chromatographed on a column (12 x 25cm.) of pH 4alumina. A 
band fluorescing yellow (or blue in some purer preparations) in ultra-violet light was eluted with 
benzene (100 ml.). Recovery gave an oil, trituration of which with methanol yielded a solid 
(5-7 g.), m. p. 125—1655°. (Further elution gave a little unchanged starting material followed 
by yellow substances.) Fractional crystallisation from ethano] and from benzene gave the less 
soluble (---)-a-7-chloro-4 : 6-dimethoxy-2-(1-methyl-3-oxobutyl)coumaranone (1-8 g.), m. p. 167— 
172°; after sublimation im vacuo it crystallised from ethanol in needles, m. p. 172—173° 
(Found: C, 57-4; H, 5:3; Cl, 11:45; OMe, 20-2. C,,H,,O,Cl requires C, 57-6; H, 5-5; 
Cl, 11-3; 20Me, 19-8%). The 8-isomer (1-03 g., m. p. 129—140°) was sublimed im vacuo and 
recrystallised from methanol, forming needles, m. p. 139—141° (Found: C, 57-4; H, 5-6; 
Cl, 11-45%). Mixed fractions (0-8 g.) were recovered. 

Both isomers were saturated to neutral permanganate and gave precipitates with Brady’s 
reagent. Their infra-red spectra were very similar and showed absorption due to carbonyl at 
1710 cm.-! and absence of hydroxy] groups. 

(+)-8-Chloro-1 : 2: 3: 4-tetrahydro-5 : 7-dimethoxy-1-methyl-3-oxodibenzofuran (I; R = Cl). 
—(i) (+)-a-7-Chloro-4 : 6-dimethoxy-2-(1]-methyl-3-oxobutyl)coumaranone (45 mg.) and sodium 
hydroxide (6 ml.; 0-5N) were heated under reflux in an atmosphere of nitrogen for 6hr. After 
cooling, the (+)-ketone (I; R= Cl) (38 mg.; m. p. 157—159°) was collected, washed with 
water, and purified by passage of a solution in benzene through a short column of pH 4 alumina 
followed by crystallisation from methanol, giving long needles, m. p. 167—168°, depressed on 
admixture with starting material (Found: C, 61:0; H, 5-2; Cl, 12-1. C,,;H,,;0,Cl requires 
C, 61-1; H, 5-1; Cl, 12-0%). 

(ii) The B-isomer (100 mg.) and sodium hydroxide (5-0 ml.; N) were heated under reflux in 
nitrogen for 35 min. The product (81 mg.) crystallised from methanol (charcoal) in needles, 
m. p. 168—169°, identical (mixed m. p., infra-red spectrum, and analysis) with the (-+-)-ketone 
obtained from the «-isomer above. It was unsaturated to neutral permanganate, and the infra- 
red spectrum, which showed absorption due to an unconjugated carbonyl group at 1722 cm.-, 
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was similar to but not identical with that of (—)-8-chloro-1 ; 2: 3 : 4-tetrahydro-5 : 7-dimethoxy- 
1-methyl-3-oxodibenzofuran obtained from griseofulvin. 

The 2 : 4-dinitrvophenylhydrazone crystallised from nitrobenzene in red needles, decomp. 238° 
(Found: C, 53-4; H, 4:2; N, 11-8. C,,H,O,N,Cl requires C, 53-3; H, 4:0; N, 11-8%). 

Resolution of (+)-8-Chloro-1: 2:3: 4-tetrahydro-5 : 7-dimethoxy-1-methyl-3-oxodibenzofuran 
(1; R = Cl).—Condensation of the above (+)-ketone (3-0 g.) with (—)-menthyl N-amino- 
carbamate under the conditions described by Woodward e? al. (loc. cit.) gave the ‘‘ (—)-ment- 
hydrazone ’’ (4-30 g.), decomp. ca. 190°, [a]j —24° + 2° (¢; 0-70 in CHCl,). Crystallisation from 
ethanol gave long silky needles and short rosettes. The former were more soluble at this stage 
and were concentrated by extraction of the mixture with small amounts of warm ethanol. 
Recrystallisation, assisted by seeding, gave the ‘ (—)-menthydvazone’’ of (—)-8-chloro- 
1: 2:3: 4-tetrahydro-5 : 7-dimethoxy-1-methyl-3-oxodibenzofuran (240 mg.) as long needles, 
decomp. ca. 175—180°, [a]? —59° + 2° (c, 1-14 in CHCI,) (Found: C, 63-7; H, 7-6; Cl, 7-4. 
Cy,H3;0;N.Cl requires C, 63-4; H, 7:2; Cl, 7-2%). The same derivative, decomp. ca. 175— 
180°, [aj7? —58° + 2° (e, 1-03 in CHCl,) (Found: C, 63-6; H, 7:0; Cl, 7-0%), with idetitical 
infra-red spectrum was prepared from the griseofulvin degradation product. 

The “‘ (—)-menthydrazone ’’ (64 mg.) in acetone (7 ml.) was hydrolysed by heating it under 
reflux for 5 hr. with 6N-sulphuric acid (0-6 ml.). After dilution of the mixture with water 
(5 ml.), and evaporation of most of the acetone at room temperature, the product was taken up 
in benzene. The water-washed extract was concentrated to 3 ml. and passed through a column 
(1 x 3cm.) of pH 4 alumina. The material recovered by elution with benzene was chromato- 
graphed twice more on smaller columns, crystallised from methanol, sublimed in vacuo, and 
recrystallised from methanol, giving needles of (—)-8-chloro-] : 2: 3: 4-tetrahydro-5 : 7- 
dimethoxy-1l-methyl-3-oxodibenzofuran (10 mg.), m. p. 136—138°, [a]? —23° +. 2° (c¢, 0-76 in 
CHCI,) (Found: C, 61-0; H, 5-1. Calc. for C;;H;;0,Cl: C, 61-1; H, 5-1%). It was identical 
(mixed m. p. and infra-red spectrum) with the natural ketone, [«]# —21° + 2° (c, 0-79 in CHC1,) 
obtained from griseofulvin. 

The second diastereoisomer was not obtained pure. Fractions of short needles, but more 
soluble than crude fractions of the same appearance, were obtained: [«]}§ —7° + 2° (e, 1-21 in 
CHCl,). Hydrolysis gave the partially resolved ketone, m. p. 143—148°, [a]}? +4° + 2° (c, 
0-87 in CHCl,.). 

1-Chloro-6-hydvoxy-2 : 4-dimethoxy-8-methyldibenzofuran (II; R = Cl).—A suspension of 
(+:)-8-chloro-1 : 2: 3: 4-tetrahydro-5 : 7-dimethoxy-1-methyl-3-oxodibenzofuran (500 mg.) in 
sodium hydroxide (75 ml.; 2N) was heated under reflux in a stream of air for 6 hr. (cf. Part IV) 
and the mixture was worked up by the following improved method. After filtration of the hot 
mixture, the solid (286 mg.) which separated on cooling was collected and was dissolved in warm 
N-sodium hydroxide. The cooled, filtered solution deposited the sodium salt from which the 
free phenol (II; R = Cl) (115 mg.; m. p. 193—196°) was recovered by treatment with dilute 
hydrochloric acid. It crystallised from toluene (charcoal) in needles, m. p. 197—198° (Found : 
C, 61-6; H, 4-5; Cl, 12:1. Calc. for C,,H;,0,Cl: C, 61-5; H, 4:5; Cl, 12-3%). 

The methyl] ether, obtained with methyl sulphate and sodium hydroxide, crystallised from 
ethanol in needles, m. p. 167—168° (Found : *C, 62-6; H, 5-1; Cl, 12-3. Calc. for C,;,H,;0,Cl: 
C, 62-65; H, 4:9; Cl, 116%). 

The synthetic phenol and its methyl ether were identical (mixed m. p. and infra-ted spectra) 
with the corresponding compounds obtained from griseofulvin. 

(+)-a- and -B-1 : 2: 3: 4-Tetvahydro-5 : 7-dimethoxy-1-methyl-3-oxodibenzofuran (1; R = H). 
—A solution of 4: 6-dimethoxycoumaranone (18-5 g.) (Mulholland and Ward, J.,; 1953, 1642) 
and pent-3-en-2-one (8-0 g.) in dry dioxan (450 ml.) was treated with ethanolic sodium ethoxide 
(7-85 ml.; 2N) at 20°. After 20 hr., acetic acid (40 ml.) was added and the mixture was evapor- 
ated to dryness im vacuo. A solution of the residual gum in ether (350 ml). was filtered, washed 
with sodium hydrogen carbonate solution afid then with water, dried (CaCl,), treated with 
charcoal, and chromatographed on a column of pH 4 alumina (12 x 6-3 cm.). Fluorescent 
bands were eluted with ether in ultra-violet light : (i) A violet band, together with a little of the 
following band, and giving a solid (3-6 g.) on recovery. (ii) A blue band, giving a solid (8-2 g.) 
on recovery. Other bands remaining on the column were rejected. 

The material from eluate (ii) was crystallised from methanol, sublimed in vacuo and re- 
crystallised from methanol, giving (-+)-a-1 : 2:3: 4-tetrvahydvo-5 : 7-dimethoxy-1-methyl-3-oxod1- 
benzofuran (6-7 g.) as needles, m. p. 104° (Found: C, 69-6; H, 6-2; C-Me, 6-0. C,;H,,O, 
requires C, 69-2; H, 6:2; 1C-Me, 58%). The infra-red spectrum of the solid showed absorption 
due to a carbonyl group at 1715 cm.-}, and was identical with that of (—)-1: 2: 3: 4-tetrahydro- 
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5 : 7-dimethoxy-1-methyl-3-oxodibenzofuran (m. p. 100°) obtained from dechlorogriseofulvin. 
A mixture showed no depression in m. p. The 2: 4-dinitrophenylhydrazone crystallised from 
nitrobenzene in red needles, decomp. 234° (Found: C, 57-5; H, 4:7; N, 11-3. C,,H,)O,N, 
requires C, 57-3; H, 4:6; N, 12-7%). The “‘ (—)-menthydrazone ’’ crystallised from ethanol in 
needles, decomp. 169—170°, [«]?? —25° (c, 1-0 in acetone) (Found: C, 68-3; H, 8-1; N, 6-6. 
CygHs,0;N, requires C, 68-4; H, 7-95; N, 6-1%); it could not be resolved by crystallisation 
from ethanol or benzene, and chromatography on pH 4 alumina led to recovery of the 
(+)-ketone. 

Material recovered from the mother-liquors of crystallisation of the «-isomer was combined 
with the product from eluate (i). The mixture (3-7 g.) was sublimed iz vacuo and then chromato- 
graphed again. The violet and the blue band were fractionally eluted with ether, and gave, on 
recovery, (i) 0-9 g., m. p. 88—89°, (ii) mixed fractions (1-5 g.), m. p. 88—89°, (iii) the a-isomer 
(0-3 g.), m. p. 101—103°. 

The first fraction consisted of (-+-)-$-1 : 2: 3: 4-tetrahydro-5 : 7-dimethoxy-1-methyl-3-oxodi- 
benzofuran, which crystallised from methanol in prisms (0-62 g.), m. p. 90°, not changed by further 
crystallisation (Found : C, 69-2, 69-7; H, 6-2, 6-5; OMe, 22-6; C-Me, 5-15. C,;H 440, requires 
C, 69-2; H, 6-2; 20Me, 23-8; 1C-Me, 5-8%) A mixture with the a-isomer had m. p. 88—97°. 
The infra-red spectrum of the solid showed absorption due to carbonyl at 1720 cm.-4 and was 
similar to, but not identical with, that of the a-isomer. Slight differences were also present in 
the infra-red spectra of the two isomers dissolved in ethylene chloride. 

The $-form was not converted into the a-form when heated at 130° for 15 min. or when 
seeded during crystallisation with the «-form. 

The ‘‘ (—)-menthydrazone’’ crystallised from 90% ethanol in plates, decomp. 161—163°, 
depressed to 157—158° by mixture with the “‘ (—)-menthydrazone ”’ of the «-isomer, [«]}? —24° 
(c, 1-0 in acetone) (Found: C, 68-7; H, 8-1; N, 64%). The derivative could not be resolved 
by crystallisation. 

3-Hydroxy-5 : 7-dimethoxy-l-methyldibenzofuran (Il; R = H).—Dehydrogenation of (-+)-a- 
1: 2:3: 4-tetrahydro-5 : 7-dimethoxy-1I-methyl-3-oxodibenzofuran (200 mg.) with 5% pallad- 
ium-charcoal as described in Part VII (/oc. cit.) gave the phenol (II; R = H) (76 mg.) which 
crystallised from benzene-light petroleum (b. p. 60—80°) in needles, m. p. 171—172° (Found : 
C, 70-1; H, 5-6. Calc. for C,;H,,0,: C, 69-75; H, 5-5%). 

The methyl ether, ptepared with methyl sulphate and sodium hydroxide and crystallised 
from methanol, had m. p. 117° (Found: C, 70-3; H, 6-0. Cale. for C,g.H,,0,: C, 70-6; 
H, 5:9%). 

The phenol and its methyl ether were identical (mixed m. p. and infra-red spectra) with the 
corresponding compounds obtained from dechlorogriseofulvin. 

Dehydrogenation of (-+)-§-1: 2:3: 4-tetrahydro-5 : 7-dimethoxy-l-methyl-3-oxodibenzo- 
furan under the above conditions also gave 3-hydroxy-5 : 7-dimethoxy-1-methyldibenzofuran, 
identical (m. p. and mixed m. p., infra-red spectrum, and analysis) with material obtained from 
the «-isomer. 

Ethyl 4 : 6-Dimethoxy-3-oxocoumaran-2-carboxylate (VII; R = Et).—Methyl 2-hydroxy-4 : 6- 
dimethoxybenzoate (1-0 g.) was heated under reflux with ethyl bromoacetate (0-70 g.) and 
potassium carbonate (0-70 g.) in acetone (7 ml.) for 6 hr. After filtration, recovery gave ethyl 
2-methoxycarbonyl-3 : 5-dimethoxyphenoxyacetate (VI) (1:25 g.), crystallising from aqueous 
methanol in needles, m. p. 84° (Found: C, 56-4; H, 6-2. C,,H,,O, requires C, 56-4; H, 61%). 
On a larger scale it was necessary to wash the crude product with cold dilute sodium hydroxide 
to remove phenolic material, giving yields of about 80%. 

A solution of this ester (17-3 g.) in dry benzene (100 ml.) was treated with powdered sodium 
(1-61 g.), and then heated under gentle reflux for 3 hr. An aqueous extract of the cooled 
mixture was treated with charcoal and acidified with concentrated hydrochloric acid at 0°. 
Recovery of the product in benzene (charcoal) gave a gum which crystallised (6-2 g.) under 
methanol. The crude product (21 g.) from 39-5 g. of starting material crystallised from ethanol 
in prisms (15-5 g.), m. p. 103~—110°, of ethyl 4 : 6-dimethoxy-3-oxocoumaran-2-carboxylate (Found : 
C, 58-5; H, 5-2. C,,H,4O, requires C, 58-6; H, 5-3%). The ester could not be obtained with 
asharp m.p. A specimen crystallised 5 times had m. p. 108—114° (Found : C, 58-1; H, 4:8%). 
It gave a green colour in ethanol with ferric chloride. 

The O-acetate, obtained by heating the ester under reflux with acetic anhydride and sodium 
acetate, was purified by passage of a benzene solution through a short column of pH 4 alumina, 
and crystallised from ethanol in needles, m. p. 103—104° (Found: C, 58-2; H, 5:2. C,;H;,0, 
requires C, 58-4; H, 5-2%). 
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Ethyl 4: 6-Dimethoxy-2-(1-methyl-3-oxobutyl)-3-oxocoumaran-2-carboxylate (VIII).—A solu- 
tion of ethyl 4: 6-dimethoxy-3-oxocoumaran-2-carboxylate (2-66 g.) and pent-3-en-2-one 
(0-84 g.) in benzene (25 ml.) was treated at 20° with ethanolic sodium ethoxide (0-83 ml.; 2N), 
and the mixture was set aside at room temperature for 24 hr. 

The solid (A) (0-8 g.) was collected and the mother-liquor, after the addition of acetic acid 
(0-5 ml.), was evaporated to dryness in vacuo. The ether-washed residue (1-6 g.) was combined 
with (A) and crystallised from dioxan, giving 1-2 g., m. p. 173—181°. A sample (0-3 g.) in 
benzene (30 ml.) was chromatographed in benzene on a column of pH 4 alumina (2 x 20 cm.), 
and a band fluorescing blue in ultra-violet light was eluted with benzene containing 1% of 
methanol. The recovered product (0-25 g.), m. p. 174—180°, was crystallised several times 
from benzene and from benzene-light petroleum, giving needles of ethyl 4: 6-dimethoxy-2- 
(1-methyl-3-oxobutyl)-3-oxocoumaran-2-carboxylate, m. p. 188—190° (Found: C, 61-3; H, 6-2. 
C,,H,,0, requires C, 61-7; H, 63%). The compound gave a precipitate with Brady’s reagent. 

Reaction with sodium hydroxide. The above ketone (200 mg.) was heated under reflux with 
sodium hydroxide (5 ml.; N) in an atmosphere of nitrogen for 30 min. An ethereal extract of 
the cooled mixture was treated with charcoal, dried, and evaporated. The pale yellow crystals 
(51 mg.), after sublimation i vacuo and crystallisation from methanol, had m. p. 104°, identical 
(mixed m. p. and infra-red spectrum) with (+)-a-1: 2:3: 4-tetrahydro-5 : 7-dimethoxy-1- 
methyl-3-oxodibenzofuran, already obtained by a different method (above). 

Methyl 4: 6-Dimethoxy-3-oxocoumavan-2-carboxylate (VII; R = Me).—Methyl 2-methoxy- 
carbonyl-3 : 5-dimethoxyphenoxyacetate was prepared in 80% yield as described for the ethyl 
ester (above) and crystallised from methanol in prisms, m. p. 105—107° (Found: C, 55-0; 
H, 5-7. C,,;H,,O, requires C, 54-9; H, 5-7%). 

Ring closure of the methyl ester (1-42 g.) was carried out by heating it under reflux for 1 hr. 
with sodium (0-135 g.) in benzene (15 ml.). Extraction of the mixture with water, acidification, 
and recovery of the product in ether (sodium hydrogen carbonate washing) gave methyl 4: 6- 
dimethoxy-3-oxocoumaran-2-carboxylate (0-85 g.; m. p. 103—110°). A specimen crystallised 
from methanol in prisms, m. p. 117—121° (Found: C, 57-5, 56-6; H, 5-15, 4:95. C,,H,.0, 
requires C, 57-1; H, 48%). It gave a green colour in ethanol with ferric chloride. The 
O-acetate crystallised from ethanol in needles, m. p. 124—125° (Found: C, 57-5; H, 4-9. 
C,,H,,O, requires C, 57-1; H, 4:8%). 

Ethyl 2-(1-Methyl-3-oxobutyl)-3-oxocoumaran-2-carboxylate——A solution of ethyl 3-oxo- 
coumaran-2-carboxylate (3-5 g.) (Friedlander, Ber., 1899, 32, 1869; von Auwers, Joc. cit.) and 
pent-3-en-2-one (1-43 g.) in benzene (40 ml.) was treated with ethanolic sodium ethoxide (1-40 
ml.; 2N) at 20°. Crystals, which separated, gradually dissolved. After 20 hr. the clear solution 
was acidified with acetic acid (2-0 ml.), and the mixture was evaporated to dryness in 
vacuo. An ethereal extract (200 ml.) of the residue was washed with water, dried, and passed 
through a column (3 x 1-5 cm.) of pH 4 alumina. Crystallisation of the recovered material 
from aqueous ethanol gave plates of the cyclised ester (2-4 g.), m. p. 94—95° (96—97° after 
recrystallisation) (Found: C, 66-4; H, 6-1; C-Me, 14:8. C,,H,,O,; requires C, 66-2; H, 6-25; 
3C-Me, 15:5%). It was saturated to neutral permanganate and gave a precipitate on warming 
with Brady’s reagent. 

Reaction with alkali. After the carboxylate (2-0 g.) had been heated with sodium hydroxide 
(50 ml.; N) under reflux in nitrogen for 1 hr., the mixture was steam-distilled. After cooling, 
1: 2:3: 4-tetrahydro-1-methyl-3-oxodibenzofuran was filtered from the distillate, and crystal- 
lised from dilute ethanol in needles and plates (0-93 g.), m. p. 111° (Found: C, 78-2; H, 5-9. 
C,3H,,O, requires C, 78-0; H, 6-0%). The compound gave a precipitate with Brady’s reagent 
and was unsaturated to neutral permanganate. The infra-red spectrum showed absorption 
due to an unconjugated carbonyl group at 1720 cm.-}. 

Dehydrogenation of the ketone (200 mg.) with 30% palladium-—charcoal followed by sublim- 
ation gave 3-hydroxy-1-methyldibenzofuran (108 mg.), m. p. 147—148°, needles from benzene— 
light petroleum (b. p. 60—80°) (Found : C, 78-6; H, 5-0. C,,H,)O, requires C, 78-8; H, 5-1%). 

2-Chloro-5-methoxy-3-nitrotoluene (cf. Ullmann, Ber., 1896, 29, 1878).—The hydrochloride of 
2-amino-5-methoxy-3-nitrotoluene (3-0 g.) (MacMillan, J., 1952, 4019), preparing by pouring 
a solution in concentrated hydrochloric acid (12 ml.) over ice (15 g.), was diazotised with sodium 
nitrite (1-5 g.) in water (4-0 ml.). After 10 min. the diazonium solution was added (vigorous 
reaction) with stirring to a mixture of copper bronze and precipitated copper (1:1; 4-0 g.) 
moistened with concentrated hydrochloric acid, stirring being continued for 3 hr. Steam- 
distillation, and ether-extraction of the distillate, gave an oil which was chromatographed in 
benzene (30 ml.) on alumina (pH 10; 15 x 1 cm.); elution of the broad yellow band with 
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benzene and recovery yielded the chlovo-compound which, after sublimation at 100° and 10 mm., 
crystallised from benzene-light petroleum (b. p. 60—80°) in yellow needles (3-0 g.), m. p. 69° 
(Found: C, 48-0; H, 3-8; Cl, 17-2; N, 6-7. C,H,O,NCl requires C, 47-8; H, 4-0; Cl, 17-6; 
N, 6:7%). 

4: 3’: 5’-Trimethoxy-2-methyl-6-nitrodiphenyl Ether (IX; R = NO,) (cf. Dunlop and Tucker, 
J., 1939, 1945) —The above chloro-compound (1-5 g.), 3: 5-dimethoxyphenol (705 mg.), potas- 
sium carbonate (630 mg.), and copper bronze (15 mg.) were intimately mixed and heated at 170° 
until evolution of carbon dioxide had ceased (barium hydroxide trap). After recovery of the 
excess of chloro-compound by steam-distillation, the residue was extracted with benzene, and 
the concentrated extract passed through a column of pH 4 alumina (25 x 1 cm.). Elution of 
the lower broad yellow band with benzene and recovery gave the diphenyl ether, crystallising 
from benzene-light petroleum (b. p. 60—-80°) in buff needles, m. p. 107° (Found : C, 60-6; H, 5-4; 
N, 4:6. C, H,,0O,N requires C, 60-2; H, 5-4; N, 4:4%). 

The recovered chloro-compound (180 mg.) was used again and the process repeated three 
times, giving a total of 1-8 g. of the product. 

6-A mino-4 : 3’ : 5’-trimethoxy-2-methyldiphenyl ether (IX; R = NH,).—The above nitro- 
compound (440 mg.) in ethyl acetate (25 ml.) was shaken with Raney nickel (1-0 g.) in an atmos- 
phere of hydrogen (2 hr.) at room temperature and pressure. Removal of the catalyst and 
solvent afforded the amine as an oil which, after passage through a column of alumina (pH 10; 
10 x 0-7 cm.) and elution of the broad yellow band with benzene, crystallised from aqueous 
ethanol in needles (300 mg.), m. p. 96° (Found: C, 66-1; H, 6-25; N, 4-8. C,,H,,O,N requires 
C, 66-4; H, 6-6; N, 48%). 

3:5: 7-Trimethoxy-1-methyldibenzofuran.—The above amine (500 mg.) in concentrated 
hydrochloric acid (10 ml.) was diazotised at 0° with sodium nitrite (200 mg.) in water (1-25 ml.), 
and the diazonium solution was added dropwise to boiling 50% sulphuric acid (10 ml.). After 
the addition was complete, the mixture was heated under reflux for 2 hr., cooled, diluted with 
water, and extracted with benzene. The dried, water-washed benzene extract was concentrated 
to 50 ml. and passed through a column of alumina (pH 10; 15 x 1 cm.) which removed dark 
strongly adsorbed impurities. Elution of the colourless region with benzene and recovery gave 
the required dibenzofuran (ca. 10 mg.), which, after several recrystallisations from ethanol, was 
obtained in prisms, m. p. 115—116°, identical (mixed m. p. and infra-red spectrum) with the 
methyl ether of the phenol obtained from dechlorogriseofulvin by mercuric oxide oxidation ; 
the m. p. (140—148°) of the picrate was undepressed on mixture with the picrate of the natural 
methyl ether. 

In a small-scale trial run, a trace of a basic compound, m. p. ca. 58°, of unknown structure 
was isolated from the benzene-extracted mixture but was not obtained in the large-scale 
experiment. 

The authors are indebted to Dr. L. A. Duncanson for the determination of the infra-red 
absorption spectra, to Mr. J. E. K. Smith for technical assistance in part of this work, and to 
many colleagues for suggestions and criticism. 
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Studies of Triflworoacetic Acid. Part IX.* The Electrical Conductivities 
of the Ternary System, Trifluoroacetic Anhydride—Acetic Anhydride- 
Water. 

By J. E. B. Ranpiegs, J. C. TatLow, and J. M. TEDDER. 
[Reprint Order No. 4494.] 
Measurements of the electrical conductivities of equilibrium mixtures of 


trifluoroacetic anhydride, acetic anhydride, and water are reported, and the 
observed conductivities of the anhydrous mixtures are discussed. 


THE conductivities of solutions of strong acids in acetic acid have been investigated 
extensively [Hantzsch and Langbein, Z. anorg. Chem., 1932, 204, 193; Hall and Voge, 
J. Amer. Chem. Soc., 1933, 55, 239; Kolthoff and Willman, ibid., 1934, 56, 1007; Weidner, 
Hutchison, and Chandlee, tbid., p. 1285 (H,SO,) ; Taylor and Follows, Canad. J. Chem., 
1951, 29, 461 (HNO,); Kendall and Gross, J. Amer. Chem. Soc., 1921, 48, 1426 
(CCl,*CO,H); many other studies have been reported also]. A complete conductivity 
diagram for the system sulphuric acid-acetic acid—water has been worked out (Hall and 
Voge, loc. cit.). 

The present investigation was undertaken in order to obtain information about the 
species present in equilibrium mixtures of trifluoroacetic anhydride and acetic acid and 
hence to explain the reactivity of the medium as an acetylating agent (/., 1949, 2976; 
1951, 718). To complete the conductivity studies it was necessary to investigate mixtures 
of trifluoroacetic acid and acetic anhydride, as well as mixtures of the two acids, and it was 
decided to make a complete investigation of the ternary system, trifluoroacetic anhydride- 
acetic anhydride-water. So far as we are aware no similar system has been studied 
previously, although Hall and Voge (oc. cit.) attempted to extend their investigation to 
sulphur trioxide and acetic anhydride, but were unable to do so owing to rapid irreversible 
chemical changes in the media. The object of the investigation was to obtain a large 
number of reproducible readings, rather than a few of the highest accuracy. In spite of 
this, a fairly complicated apparatus had to be built to ensure four essential requirements : 
(i) the complete exclusion of moisture; (ii) perfect mixing of the electrolyte; (ii) the 
ability to vary the composition of the electrolyte by the addition of any of the three 
components; and (iv) the ability to measure conductivities varying from 10° mho to 
greater than 10°? mho. The apparatus described below was built after considerable 
experience had been gained from an earlier model which provided some preliminary data 
on the conductivities of the mixtures. All the data now reported were obtained, however, 
from the apparatus now described. 


EXPERIMENTAL 

The Conductivity Apparatus.—The apparatus is represented in Fig. 1. The components of 
the system were introduced into the mixing vessels 5 and conductivity cell from graduated 
burettes 14, 1B, and 1C, having capacities of 20, 10, and 5 c.c., respectively, and charged in 
turn from graduated reservoirs 24, 2B, and 2C, by adjustment of the mercury reservoirs and 
levels 3A and 3BC. 3BC could be connected to either component reservoir 2B or 2C by the 
three-way tap 12 (2C is not shown in the diagram; it was identical with 2B). The burette taps 
4A, 4B, 4C, had ‘‘ Fluon”’ (polytetrafluoroethylene) plugs (see Fig. 2); these required no 
lubricant and were interchangeable with glass plugs if necessary. Trifluoroacetic acid dissolves 
Vaseline-based greases, ‘‘ Fluorolubes,’’ and silicones. The mixing vessels and conductivity 
cell 5 were immersed in an oil-bath maintained at 25°. The three electrodes 6, 6’, and 6” were 
used in pairs : 6’ and 6” for low conductivities and 6 and 6’ for high conductivites. Mixing was 
carried out by repeated changing of the mercury levels in the reservoirs 7 and 7’. The vessel 5 
had an opening with a “‘ Fluon ”’ stopper 8 through which a thermometer was fitted. At the end 
of a set of readings the stopper 8 was removed and the bulk of the electrolyte was withdrawn 
by suction. Further spent electrolyte was removed by flushing the vessel with low-boiling 
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solvents (withdrawn in the same manner), and finally the whole apparatus was sealed and 
evacuated by means of a ‘‘ Hyvac ’’ pump, the trap 9 being cooled in liquid air. Nitrogen from 
a cylinder was fed into the evacuated apparatus through a column 10 filled with phosphoric 
oxide and glass beads surmounted by tightly packed glass wool. Reagents could be added or 
distilled directly into the apparatus through ground joints 114, 11B, and 11C in the reservoirs 
2A, 2B, and 2C. These joints were normally fitted with ‘“‘ Fluon ”’ stoppers. 

Note on “‘ Fluon"’ tap-plugs and stoppers (Fig. 2). These units, essential features of the 
apparatus, were extremely satisfactory, but certain precautions had to be observed owing to 
the large coefficient of thermal expansion of ‘‘ Fluon.’’ If stuck, the taps and stoppers could be 
loosened by cooling (heating caused rapid expansion of the ‘‘ Fluon ’’ and breaking of the glass). 


Fic. 1. Conductivity apparatus. 
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The polymer is easily scratched so that all surfaces had to be scrupulously cleaned before 
assembly. When the apparatus was left to stand, the ‘‘ Fluon ’’ parts were replaced by inter- 
changeable glass pieces. 

The Electrical Circuit—A simple Wheatstone’s bridge network was employed, one end of 
the bridge being connected to earth and the other to a double-beam Cossor Oscilloscope which 
was used as a detector. In addition to the cell, the remainder of the bridge circuit consisted 
of two Muirhead ratio units with a decade capacity box arranged to be put in parallel with 
either arm if necessary, and a Muirhead decade resistance box with a second decade capacity 
box in parallel. Measurements were made at various frequencies, but the network was found 
to be most sensitive at 500 cycles, and all the readings reported were made at this frequency. 
In spite of careful shielding, considerable pick-up from the 50-cycle mains occurred, but this 
could be separated easily from the oscillator’s output on the oscilloscope. 

Components.—Trifluoroacetic acid was prepared by mixing the commercial acid with tri- 
fluoroacetic anhydride (2%) and distilling the mixture through a column (18” long) packed with 
glass helices; only the middle fraction, which had b. p. 70-5°, specific conductivity (x) 3-5— 
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4-2 x 10-7 mho at 25°, was used. Dannhauser and Cole (J. Amer. Chem. Soc., 1952, 74, 6105) 
gave x 3—5 x 107 mho. 

Trifluoroacetic anhydride was prepared by distillation of the acid over phosphoric oxide ; the 
crude anhydride so obtained (b. p. 39—40°) was redistilled over fresh phosphoric oxide and then 
fractionated. The material used for the conductivity measurements had b. p. 38-5—38-7°, 
k ca. 1-0—1-1 x 10° mho at 25°. 

Acetic acid was prepared from the commercial acid (m. p. 16-00°) by fractional crystallis- 
ation. After three recrystallisations the acid had m. p. 16-60—16-62°; further crystallisation 
failed to alter the m. p., although the conductivity was decreased. The material used for the 
conductivity measurements had m. p. 16-60—16-62°, x 3-5—4-7 x 10-8 mho at 25°. 

Acetic anhydride was distilled through a column (36” long) packed with nickel gauze spirals ; 
the middle fraction, having b. p. 187—137-9°, x 3-0—3-5 x 10-7 mho at 25°, was used in the 
conductivity measurements. 

Distilled water was boiled whilst a stream of nitrogen was bubbled through it, the nitrogen 
stream being continued until the water was cool, whereupon it was used directly; it had « 4-0— 
5-5 xX 10 mho at 25°. 


Fic. 3. Conductivity of the systems, A, 
(CF,*CO),0-CH,°CO,H and B, (CF,*CO),0- Fic. 5. Conductivity of the system, CF,*CO,H- 
(CH,-CO,H + 3% of H,0). CH,°CO,H. 

Fic. 4. Conductivity of the system, CF,°CO,H- Fic. 6. Conductivity of the system, (CF,*CO),0-— 
(CH,°CO),O. (CH,°CO),O. 
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Conductivities of Various Systems at 25°.—(a) Trifluoroacetic anhydride—acetic acid. Three 
series of readings were made of this system; two started from acetic acid, to which were added 
measured portions of (i) a 10% solution of trifluoroacetic anhydride in acetic acid, and (ii) pure 
trifluoroacetic anhydride respectively, and the third started with trifluoroacetic anhydride, to 
which acetic acid was added. Considerable heat was evolved when the components were mixed, 
the equilibrium appeared to be reached rapidly, and the conductivities remained constant as 
soon as the temperature had become steady. These conductivity values are plotted in Fig. 3 
(curve A); the conductivities of the system obtained by addition of acetic acid containing 
water (3%) to trifluoroacetic anhydride (curve B) are also given. 

(b) Acetic anhydride—trifluoroacetic acid. Only a single series of readings was obtained for 
this system (Fig. 4); the curve was completed by interpolation from other readings. When 
trifluoroacetic acid was first added to acetic anhydride the conductivity of the resulting mixture 
varied with time. For the first three additions the conductivity initially rose to a maximum 
(ca. 1-4 x 10°* mho) and then dropped slowly until after about 1} hr. it had definitely become 
constant (ca. 8-0 x 10-7 mho). This initial high value for the conductivity was certainly not 
due to heat of reaction, which was small, the temperature returning to 25° within 5 min., but 
must have been due to the rapid formation of some fairly highly conducting species, which then 
decomposed slowly to give less highly conducting products. This phenomenon was observed 
only for concentrations of trifluoroacetic acid less than 0-05 mole fraction. In regions of greater 
concentration the conductivity reached a constant value the moment mixing was complete. 
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(c) Tvifluoroacetic acid—acetic acid. Two series of readings contributed to Fig. 5, one in 
which a dilute solution of trifluoroacetic acid in acetic acid was added to acetic acid, and the 
other in which acetic acid was added directly to trifluoroacetic acid. The temperature changes 
associated with the mixing of these two components were small. 

(d) Trifluoroacetic anhydvide—acetic anhydride. Three series of readings were made for this 
system, but despite this it was not possible to obtain definite figures for the central part of the 
curve. At all points, but particularly in the range represented by a broken line (Fig. 6), it was 


Fic.7. Contour diagram of the electrical conductivities of the ternary system, (CF;*CO),O-H,O-(CH,°CO),0. 
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extremely difficult to decide when the equilibrium conductivity was being measured. Directly 
mixing was complete, the conductivity showed a gradual increase; this rise was so slow that 
eventually it became impossible to decide whether it was due to changes in the equilibrium or to 
traces of moisture entering past the ‘‘Fluon” stopper. The broken line represents the 
conductivity of these mixtures about 3 hr. after mixing; the remainder of the curve which has 
been drawn represents points where the conductivity remained substantially constant after 
the first 20 min. 

The conductivities of the other systems which were studied are reported in the Tables (e)—(j) 
(N = mole fraction). All these readings and those given in Figs. 3, 4, 5, and 6 have been 
used to compile Fig. 7 which represents a three-dimensional diagram for the complete ternary 
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system. The data for the water—acetic acid line are from ‘‘ Landolt—Bérnstein Tabellen,”’ 
Vol. II (1920), Table 208g, p. 1075. 


(e) Water—trifluoroacetic anhydride. 

Kas (mho) Nu,0 Ka, (mho) Nu,0 Ka, (mho) Nyu,0 Ka, (mhoa) 
‘00 x 10°° 0-42 5:49 10°8 0-50, 3:30 x 10-8 0-59; 4-14 

x 10° 0-43 7-04 x 1078 0-51 5-56 x 10-¢ 0-61 6-43 

x 10° 0-44 9-38 10-8 0-52 1:13 x 10-5 0-62, 9-56 

x 10° 0-45 1:18 x 1077 0-53 1-94 x 10-5 0-64 1-48 

x 10° 0-46 1-84 x 10-7 0-53, 3-02 x 10-5 0-66, 2-31 

x 107° 0-47 1-96 10-7 0-54 4:81 x 10-5 0-68 3-02 

x 10-8 0-49 3-00 x 107-7 0-55 7:63 x 1075 

x 10-8 0-50 4:16 x 10-7 0-58 2-74 x 10-4 


ee he 91 Or bo bo 


(f) Trifluoroacetic anhydride—water. 


Kos (mho) Ncry-co),0 Kos (mho) Ncr;-00),0 Kos (mho) Ncr;-o),0 
5-50 x 10-6 0-043 2-90 x 0-130 3°52 > 0-180 
2-84 x 10° 0-052 2-97 x 10- 0-140 3°66 » j 0-190 
3-22 x 10% 0-076 3-15 X 0-151 3-38 xX 0-199 
3:00 x 10°? 0-087 3-28 x 107 0-156 3-00 x 0-200 
2-65 x 10% 0-109 3-39 x 0-164 2-74 X 0-227 
0-031 2-81 x 10° 0-115 3-52 x 0-173 2-27 >» 0-236 


(g) Water added to an equimolar mixture of trifluoroacetic anhydride and acetic anhydride. 
Ka; (mho) Nn,o Ka, (mho) Ke; (mho) Nu,o K2; (mho) 
7-78 x 10-7 0-43 2-98 x 10-5 ? 5-75 x 10-4 0-77 1:34 x 10°? 
3-82 x 10-% 0-45 x 10°75 D- 1:12 x 10° 0-79 1-74 x 10° 
4:85 x 10°° “~ 10-5 “65 1-84 x 10°% 0-80; 2-09 x 10°? 
7-02 x 10°¢ “4¢ 2-45 x 1075 2:98 x 10°% 0-83 2-49 x 10% 
9-14 x 10-8 “10-5 P 4:75 x 10° 0-86 2:60 x 10°? 
1-22 x 10°5 . x 10-5 ae 6-50 x 10-3 0-88 2-58 x 10° 
1-60 x 1075 7) “12 x 10° : 1:03 x 107? 0-90 2°23 x 10-3 
2-58 x 10-5 rf ‘89 x 10 


Water added to a mixture of trifluoroacetic anhydride (0-158 mole) and acetic 
anhydride (0-342 mole). 
Ka; (mho) Nu,.o Ke; (mho) Nnu,o Ky, (mho) Nnu.o Ke; (mho) 
0-50 1-29 x 10-5 0-62 5:53 x 10-4 0-66 131 x 10° 0-75 7-37 x 10° 
0-59 3-52 x 10-4 0-63 7:10 x 10-4 0-68 2-25 x 10% 
0-60 4-02 x 10-¢ 0-65 9-40 x 10-4 0-72 3°63 x 10% 


Water added to a mixture of trifluoroacetic anhydride (0-34 mole) and acetic 
anhydride (0-33 mole). 
Nu,0 Ke, (mho) Nu,0 K2; (mho) Nu,o Ky, (mho) Nu,0 Ke, (mho) 


0-33 1-72 » 0-38 2-48 x 10-5 0-45 3-01 «x 10-5 0-50 ‘56 x 1075 
0-37 2-32 0-43 2-84 x 1075 0-47 2-92 x 10-5 0-51 ‘1 x lo> 


2 
4 
(j) Acetic acid added to a mixture of trifluoroacetic anhydride (0-24 mole) and water 
(0-76 mole). 

Ncu;-co.H Kos (mho) Ncu;-co,8 Kos (mho) Neu;-co:H Ko5 (mho) Ncn;-co.H Kos (mho) 
0 1-12 x 10? 0-05 8-98 x 10°% 0-16 5-54 x 10° 0-33 54 x 10% 
0-004 1:10 x 10° . 8-12 x 10-3 0-22 4-51 x 10% 0-37 07 x 10° 
0-01 1:07 x 10°? P 7-15 x 10° 0-25 3:66 x 10° 
0-03 1-05 x 10°? “1? 6-26 x 10° 0-29 3-07 x 10° 


DISCUSSION 


Complete interpretation of the electrical conductivity of a system is almost impossible 
without complete data of the dielectric constant and viscosity. These are not available for 
the present system, though the following figures for the pure components have been 
reported. 

Dielectric constants and viscosities of the pure components. 

Component Nos (poise) Component E95 Nes (poise) 
(CHy:CO),O 20: 0-0086 * CF,°CO,H 8-4 (20-0°) ? 0-00876 ¢ 
CH,°CO,H 0-0112¢ REGO aietteressacees 78:8 0-00916 ¢ 
(CF,°CO),0 Unknown Unknown 


_ ® Landolt—Bérnstein ‘‘ Tabellen.”” * Dannhauser and Cole, J. Amer. Chem. Soc., 1952, 74, 6105; 
Simons and Lorentzen, ibid., 1950, 72, 1426, gave 40-2 (at 21-5°). 
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With the assistance of these values a few qualitative conclusions can be drawn from 
Fig. 7. In the aqueous region, #.e., the whole of the diagram below a line joining trifluoro- 
acetic acid to acetic acid, the ions present in greatest concentrations must be, presumably, 
H,O* and CF,°CO,~, those in smaller concentrations being, probably, CH,°CO,H,"*, 
CH,°CO,-, and even OH~. Since trifluoroacetic acid is a considerably stronger acid than 
acetic acid, the ion CF,°CO,~ is, in all probability, the principal negative ion throughout 
almost the whole region. The actual position of the point of maximum conductivity is 
presumably determined largely by the relatively large proton affinity and high dielectric 
constant of water. 

Fig. 5 and the conductivities around the line joining the two acids (Fig. 7) are of 
considerable interest, since it must be in this region that the acetic acidium ion CH,*CO,H,* 
replaces the hydroxonium ion H,O* as the principal positive ion, and the rapid changes of 
conductivity reflect the decrease in total ionisation associated with this replacement. 
Comparison of the conductivity of trifluoroacetic acid in acetic acid (Fig. 5) with the 
conductivities of various other acids in the same solvent, reported by previous workers, 
shows that trifluoroacetic acid is a weak acid in this solvent. When the mole fraction of 
the second acid in acetic acid is one-tenth, the approximate conductivities are : sulphuric 
acid, 6-0 x 10° mho (Hall and Voge, loc. cit.); nitric acid, 1-10 x 10-5 mho (Taylor and 
Follows, loc. cit.) ; trifluoroacetic acid, 1-4 x 10° mho; whilst that of the weaker trichloro- 
acetic acid is 3-5 x 10°? mho (Kendall and Gross, Joc. cit.). 

The region above the line joining trifluoroacetic acid and acetic acid is the region of 
greatest interest. The most striking feature of this region is the occurrence of 
conductivities greater than any on the CF;*CO,H-CH,°CO,H line. The principal 
conducting species present in mixtures of the acids only are clearly CF,°CO,~ and 
CH,°CO,H,*, but the concentration of CH,*CO,H,* should reach a maximum on the 
CF,*CO,H—CH,°CO,H line, so that the greater conductivities above this line must be due 
either to contributions from other ions or to rapid changes in the viscosity and dielectric 
constant. The former explanation seems the more probable and the additional ions 
could be the acetic anhydridium ion (CH,*CO),OH* and/or the acetylium ion CH,*CO* 
(these ions are distinguished by the incorporation of a molecule of acetic acid in the 
former). Further evidence for the existence of such ions is provided by the fact that the 
conductivity of a dilute solution of trifluoroacetic anhydride in acetic acid is greater than 
the conductivity of a solution having twice this concentration of trifluoroacetic acid in 
acetic acid. Finally, between trifluoroacetic anhydride and acetic anhydride, where there 
can be no hydrogen ion of any kind, there is a conductivity maximum (Fig. 6). The 
conductivity of acetic anhydride is appreciably greater than the conductivity of acetic 
acid and, although the viscosity is much less, this has been put forward as evidence for 
partial ionisation of the anhydride (CH,*CO),0 == CH,°CO* + CH,;CO,~ (Mackenzie 
and Winter, Trans. Faraday Soc., 1948, 44, 159). On the other hand, trifluoroacetic 
anhydride has an extremely small specific conductivity, far lower than that of trifluoro- 
acetic acid. A molecule of an unsymmetric anhydride would be expected to ionise more 
readily than one of a symmetric anhydride, especially when the two halves are derived 
from acids differing widely in strength. The partial ionisation of such an unsymmetric 
anhydride, derived from acetic and trifluoroacetic acids and formed from the mixtures 
studied here (CF,*CO-O-CO-CH, == CF,°CO,- + CH,°CO*), is the most probable 
explanation of the maximum in Fig. 6. 


The authors thank Professor M. Stacey, F.R.S., and Dr. E. J. Bourne for their interest, and 
the Department of Scientific and Industrial Research for a grant. They express their gratitude 
also to Mr. N. S. Bradford for assistance in the construction of the glass sections of the 
apparatus, and to Mr. W. E. Massingham for fabrication of the ‘‘ Fluon ”’ taps and stoppers. 


CHEMISTRY DEPARTMENT, THE UNIVERSITY, 


EDGBASTON, BIRMINGHAM, 15. (Received, July 15th, 1953.} 


442 Elvidge and Linstead : 


Heterocyclic Imines and Amines. Part III.* Succinimidine.t 


By J. A. Etvince and R. P. LINSTEAD. 
[Reprint Order No. 4648.] 


Addition of ammonia to succinonitrile yields succinimidine (I) (2: 5-di- 
iminopyrrolidine), which has two reactive imino-groups. This pyrrolic 
derivative is compared with 1: 3-di-iminozsoindoline; and its reactions 
with water, hydroxylamine, and aniline have been studied. The products 
(some of which are described in the earlier literature) have been degraded, 
and their structures are discussed. Blochmann’s formulation of dipheny]l- 
succinimidine is amended. Light-absorption data are given. 


THE two previous papers in this Series * have dealt with aspects of the chemistry of 
1 : 3-di-iminotsoindoline. Its potentialities for synthesis (Parts I and II; Elvidge and 
Linstead, ]., 1952, 5008; and forthcoming publications), resulting from the high reactivity 
of the imino-substituents, led us to examine analogous derivatives in the pyrrole series. 
The first of these prepared was succinimidine f (I). 

This compound, hitherto unknown in the form of the free base, was readily obtained 
by heating succinonitrile (from acrylonitrile and hydrogen cyanide) with methanolic 
ammonia under pressure. This is similar to the preparation of di-imino/soindoline from 
phthalonitrile (see Part I), though the conditions of the new reaction required more careful 
control to ensure a clean product. A satisfactory alternative (cf. Bayer Farbenfabr., 
Indian P. 43,679) was the treatment of succinonitrile at ordinary temperature with 
sodamide in formamide (communication from Imperial Chemical Industries Limited, 
Dyestuffs Division). The hydrochloride of succinimidine was described, but not 
investigated, by Pinner (Ber., 1883, 16, 352), who prepared it from diethyl succindi- 
imidoate dihydrochloride via succinamidine dihydrochloride, crystallisation of which from 
water effected ring-closure with elimination of the elements of ammonium chloride. This 


preparation was confirmed at Imperial Chemical Industries Limited (personal communic- 
ation), and the derived picrate identified with that from the succinonitrile-ammonia 


reaction. 


CHyCN NH, AH _NH 
—> | (NH — > |_ NH 
CH,CN UNH a 
(I) +NH, (II) 


Neither succinimidine (i) nor its hydrochloride has a characteristic melting point. 
The salt is stable to cold water (Pinner, Joc. cit.) but the base is remarkably sensitive to 
moisture and is best kept sealed at 0°. The base dissolved easily in water, and within 
a few minutes the solution smelled strongly of ammonia: 1 mol. was produced, and the 
monoimine, 5-imino-2-pyrrolidone (II), subsequently crystallised out almost quantitatively. 
This product with boiling water yielded succinimide with evolution of ammonia. 5-Imino- 
2-pyrrolidone (II) has been obtained (communication from Imperial Chemical Industries 
Limited) from Pinner’s succinimidine hydrochloride and aqueous sodium hydroxide; also 
(though in a crude state) by Protiva, Reficha, and Jilek (Chem. Listy, 1950, 44, 231) from the 
action of ammonia on ethyl $-ethoxycarbonylpropionimidoate hydrochloride, a preparation 
which confirms the structure. 

For comparison with the above hydrolyses, 1 : 3-di-iminozsoindoline has been further 

* Part I, J., 1952, 5000; Part II, J., 1953, 3593. 

} Pinner’s apt name for the compound (Ber., 1883 16, 352), which is employed in Beilstein, 4th 
Edn., together with that of glutarimidine for the next higher homologue (Pinner, Ber., 1890, 23, 2942), 
will be used in our papers. On this system, 1: 3-di-iminoisoindoline becomes phthalimidine, but 
unfortunately Chem. Abstracts has continued the use of this name in another, and illogical sense, viz. 
for 1-oxoisoindoline. 

Compounds of the present class are capable of tautomerism, so that the generic term “ imidine,’’ which 


ignores the questions of fine structure, is a particularly good one. The strictly systematic names, such 
as | : 3-di-iminoisoindoline, are disadvantageous because they refer to definite bond structures. 
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examined. It is more stable to cold water, but during 3 days ammonia was evolved and 
3-imino-l-oxotsoindoline was then isolated in 70% yield. Boiling water hydrolysed the 
imino-oxo/soindoline to phthalimide and ammonia. 

With hydroxylamine hydrochloride in boiling ethanol, succinimidine afforded a dioxime 
(III). 1: 3-Di-imino/soindoline similarly gave a dioxime, whilst 3-imino-l-oxotsoindoline 


20H _-0H 

NH,OH HNO, 
(i), |; <cebeellie - | pees e ee oe 
(II) —<N- m 


No 
\a NH, son 7A Rik ‘OH 


CH,CN (II) 
CH,-CN 


yields a monoxime (Part I). The dioxime from succinimidine was identical with the 
product of interaction of succinonitrile and 2 mols. of hydroxylamine in aqueous alcohol 
(Sembritzki, Ber., 1889, 22, 2958; Garny, Ber., 1891, 24, 3426). Garny stated (without 
details) that the dioxime was decomposed by 1 mol. of nitrous acid to a monoxime, m. p. 
197°, identical with a product from succinonitrile and 1 mol. of aqueous-alcoholic hydroxyl- 
amine. We confirmed Garny’s experiments but found that repeated crystallisation of the 
monoxime (IV) raised its m. p. to 219°, which might perhaps be a result of syn—anti- 
isomerisation. An identical monoxime was formed by heating 5-imino-2-pyrrolidone 
(II) with hydroxylamine hydrochloride. Treatment of this monoxime (IV) with nitrous 
acid gave succinimide in high yield. The structures of the oximes (IIT) and (IV) are thus 


certain. 


_7ZNPh 
‘NH 


re —{N-C,5H, (VII) 


NPh 
NH,Ph g HNO,-HCI 


‘NH ———e 2PhN,Cl 
<NPh (VIII) 


a" H,O 


ZNPh , -s CH,-CO-NHPh 


[ \NH Warm H,0 CH,*CO-NHPh 
(vr ytd aq. 
HCl 


asin 2 tes) eerie Boilin a os 
| SNPh pe o> | SNHHCIHO ——s | SNPh 
—{<NH_ (IX) as —{NPh picicoriielliaes 
Succinimidine reacted stepwise with aniline, like 1 : 3-di-imino?soindoline (Part II). 
In boiling methanol, the monophenylimine was produced, which crystallised as the 
monohydrate (V). It resisted complete dehydration under a high vacuum. The cyclic 
structure (V) followed from the absorption spectrum (see Table) and the formation of 
5-phenylimino-2-pyrrolidone (VI) with warm water. The latter compound (VI) had 
been prepared by Comstock and Wheeler (Amer. Chem. J., 1891, 13, 520; also Wheeler 
and Barnes, ibid., 1900, 23, 135) from O-ethylsuccinimide and aniline in the cold, a route 
which indicates the gross structure. We prepared the phenyliminopyrrolidone (VI) by 
heating 5-imino-2-pyrrolidone (II) with aniline. 
In boiling butanol mono-N-phenylsuccinimidine (V) condensed with a further mol. 
of amine. (@-Naphthylamine yielded the naphthylimino-phenyliminopyrrolidine (VII), 
and aniline the 2 : 5-diphenyliminopyrrolidine (VIII). 
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Blochmann (Ber., 1887, 20, 1856) fused succinonitrile with aniline hydrochloride, and 
after crystallising the product from water obtained an infusible hydrochloride hemihydrate, 
which yielded a diphenylsuccinimidine with alkali. We repeated this preparation, and 
also obtained a similar salt from diethyl succindi-imidoate dihydrochloride and aniline 
in the cold, and showed that the derived base was identical with Blochmann’s and with 
our diphenyl compound (VIII) from succinimidine. For comparison, we fused phthalo- 
nitrile with aniline hydrochloride and obtained 1 : 3-diphenyliminozsoindoline hydro- 
chloride: this has previously been prepared by the imidic ester and by the imidine route 
(Parts I and II). Blochmann formulated his diphenylsuccinimidine as (IX) because with 
boiling water the hydrochloride gave N-phenylsuccinimide. We regard his structure as 
incorrect, though we confirmed the degradation, which recalls the (misleading) formation 
of N-phenylphthalimide from l-oxo-3-phenyliminozsoindoline under certain conditions 
(Part II, Joc. cit.). Our structure (VIII) is given by analogy with that of compound (ITI) 
and derivatives in the zsoindoline series, and follows from the preparation from (V). When 
either the base (VIII) or its salt was warmed with water, succindianilide was formed— 
and not an oxo-derivative, which would have been expected from (IX) by analogy with the 
hydrolysis of (V) to (VI). Succindianilide was converted into N-phenylsuccinimide in 
boiling water containing a trace of acid, and thus a source of the imide degradation product 
emerges. The best evidence for structure (VIII) was the rapid formation of 2 mols. of 
phenyldiazonium chloride (converted into phenylazo-2-naphthol) when the compound 
was treated in dilute hydrochloric acid with sodium nitrite. 

1 : 3-Diphenyliminotsoindoline was not degraded cleanly by nitrite and acid, affording 
<1 mol. of phenyldiazonium salt, and further differed from diphenylsuccinimidine in 
being stable to boiling water, whilst its hydrochloride was quickly hydrolysed to phthalimide 
and not to phthalic dianilide. 


Light absorption characteristics in methanol. 


Compound pane f € Compound Amax. (A) € 
(I) 2370 20,000 (V) 2400 19,600 
2510 13,300 
2800 12,600 

22,000 

14,700 (VI) 2270 5,600 
12,800 2650 10,600 
12,000 (VIII) 2270 13,000 
2800 16,700 
2940 17,400 
Succinimide > 200 Hydrochloride 2270 15,000 
hemihydrate 2511 7,700 

of (VIII 2580 ae 
( ) 2650 8,500 
* In water. , t Inflexion. 3120 23,000 


The 2 : 5-di-iminopyrrolidine structures account satisfactorily for the chemistry which 
we have outlined of succinimidine and its derivatives. By analogy with the soindoline 
series (Part II) the incompletely substituted compounds should be capable of tautomerism, 
so that they might equally well be represented as amino-imino-pyrrolines (X). 


| 
__ NHR /NHR C. CH. 


cH” net, (2) 


‘N ‘NH 
—<NR’ —\NHR’ AC Iw : 
(X) (XI) ‘cH’ wee, (7) 


The systems (XII) and (XIII) show high-intensity absorption in the 2800—3000 A 
region (Braude, Ann. Reports, 1945, 42, 105), and the substitution of N for C within 
1 : 3-dienes has little effect on the position of maximal light absorption (Barany, Braude, 
and Pianka, J., 1949, 1898). Arguing by analogy it would be expected that compounds 
of type (X) would absorb strongly at or above 3000 A. The absence of such absorption 
suggests that the form (X) makes no appreciable contribution to the structures of com- 
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pounds (I), (II), (III), ([V), and (VI) in solution. The fine structures of (V) and (VIII) 
are less certain; in these compounds the form (X) may contribute. 

An additional general possibility is the diaminopyrrole type of structure (XI). There 
is no chemical evidence in favour of this from the reactions so far studied, and the spec- 
troscopic evidence is inconclusive because the effect of substituents on light absorption 
among pyrroles is considerable (Cookson, /., 1953, 2789; Gore and Linstead, unpublished 
work) but has not yet been placed on a sufficiently firm footing for useful predictions to 
be made. The fine structure and tautomerism of succinimidine and related substances 
are being studied further. 


EXPERIMENTAL 


Succinimidine (2: 5-Di-iminopyrrolidine).—(a) A solution of succinonitrile (40 g.) (Kurtz, 
G.P. 707,852; Org. Reactions, 5, 111) in dry methanol (150 c.c.) was treated cautiously with 
liquid ammonia (70 c.c.), then heated in a stout glass vessel at 70° for 18 hr., and cooled. The 
faintly buff-coloured crystalline mass (33-6 g.) was washed with ethyl acetate and dry ether; 
evaporation of the mother-liquors under reduced pressure gave a second crop (7 g.) (total yield, 
85%). From dimethylformamide, 2: 5-di-iminopyrrolidine crystallised as colourless prisms, 
which decomposed above 200° without melting (Found: C, 49-65, 49-0; H, 7-45, 7-3; N, 42-3, 
42-5. C,H,N, requires C, 49-4; H, 7:3; N, 43-39%). 

(6) Succinonitrile (8 g.) was dissolved in a cold solution of sodamide (5 g.) in formamide 
(30 c.c.) (cf. Bayer, loc. cit.), and after 48 hr. the colourless crystalline product (4:5 g., 47%) 
was collected and washed with cold formamide, »-propanol, ethyl acetate, and ether (Found : 
N, 40-6%); a trace of a sodium compound was present. That the product was essentially 
succinimidine was confirmed by converting a portion (100 mg.) with cold water into 5-imino- 
2-pyrrolidone (90 mg.), m. p. 244—246° (decomp.) undepressed in admixture with authentic 
material. 

Hydrolysis to 5-Imino-2-pyrrolidone.—A solution of succinimidine (1-50 g.) [from method 
(a)] in cold water (5 c.c.) had pH >10-5, and after 5 min. smelt of ammonia. Next day, 
5-imino-2-pyrrolidone (1:50 g., 99%), m. p. 241—246° (decomp.), had separated : it crystallised 
readily from water, as large colourless prisms, m. p. 250° (decomp.) with darkening from ca. 
240° (Found: C, 49-2; H, 6-4; N, 28-3. C,H,ON, requires C, 49-0; H, 6-2; N, 28:6%). 
Protiva and Jilek (loc. cit.) gave m. p. 190—195° raised to 227—230° (decomp.) by crystallisation 
from aqueous ethanol. 

Succinimidine (35-5 mg.) was hydrolysed with cold water (3 c.c.) in a Conway unit, the 
liberated ammonia being absorbed by 0-941N-sulphuric acid (1-00 c.c.) contained in the second 
compartment. Next day, the acid required 1-24 c.c. of 0-520N-sodium hydroxide for neutralis- 
ation (Found: NHs3, 0:92 mol.). 

Hydrolysis of 5-Imino-2-pyrrolidone.—The imine (500 mg.) was boiled with water (5 c.c.) 
for 2 hr., during which ammonia was evolved. A trace of insoluble matter was filtered off, 
and the filtrate evaporated, yielding succinimide (426 mg., 84%), m. p. 118—120°. After 
being crystallised from ethanol, the latter had m. p. 121—123° alone and in admixture with an 
authentic sample. 

Hydrolysis of 1 : 3-Di-iminoisoindoline.—A solution of the di-imine (0-5 g.) in water (25 c.c.) 
deposited during 2 days 3-imino-1l-oxoisoindoline (0-15 g.), m. p. and mixed m. p. 201—203°. 
Concentration of the filtrate to 5 c.c. in a vacuum-desiccator, during a third day, afforded 
another crop (0-2 g.) (total yield, 70%), m. p. 194—198° and mixed m. p. 198—203°. 

3-Imino-1-oxozsoindoline (600 mg.) was boiled with water (25 c.c.) for 1 hr., during which 
ammonia was evolved. The solution was evaporated under reduced pressure, and the residue 
taken up in ethanol. On concentration of the extract, phthalimide (418 mg., 83%) separated, 
m. p. and mixed m. p. 2830—231°. 

2: 5-Dihydroxyiminopyrrolidine.—(a) Preparation. (i) Suecinimidine (0-5 g.) and hydroxyl- 
amine hydrochloride (1 g.) were boiled together in ethanol (30 c.c.) for 2-5 hr. Ammonium 
chloride was filtered off, and the filtrate evaporated to 15c.c. 2: 5-Dihydroxyiminopyrrolidine 
(0-5 g.) separated as needles with m. p. 170—180° (decomp.), raised to 211° (decomp.) by 
repeated crystallisation from ethanol (charcoal) (Found: C, 37-2; H, 5-6; N, 32-5. Cale. 
for C,H,O,N,: C, 37-2; H, 5-5; N, 32-55%). 

(ii) Inteftaction of succinonitrile (2 g.) in ethanol (10 c.c.) with hydroxylamine (from 3-46 
g. of the hydrochloride) in water (15 c.c.) at 65—-70° (Garny, Joc. cit.) afforded a product with 
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m. p. ca. 165° (decomp.), raised by crystallisation from water to 193° (decomp.) (yield then 
1-25 g.). After being dried at 90° under reduced pressure, and recrystallised from ethanol, 
the dioxime had m. p. 205—206° alone and when mixed with that from succinimidine. Garny 
recorded m. p. 207°. Sembritzki’s colour reactions (loc. cit.) were confirmed. 

(b) Degradation. A solution of the dioxime (295 mg.) in warm water (15 c.c.) was chilled 
in ice, and treated with sodium nitrite (160 mg.) in water, and then with 2n-hydrochloric acid 
(1:5 c.c.), added dropwise. Each drop produced a yellow colour, momentarily, and there was 
evolution of gas. After 5 min. at room temperature, the solution was evaporated under reduced 
pressure, and the colourless residue extracted with hot ethanol. Evaporation of the extract 
yielded the monoxime (140-5 mg.), m. p. 168—170° (decomp.), raised to 214—215° (decomp.) 
by crystallisation (twice) from ethanol (Found: N, 24-8%). The m. p. was not depressed by 
the authentic monoxime (IV), m. p. 219° (decomp.), described below. 

1 : 3-Dihydroxyiminoisoindoline.—1 : 3-Di-iminoisoindoline (0-5 g.) and hydroxylamine 
hydrochloride (1 g.) were heated together in ethanol (40 c.c.) under reflux for 4 hr.; the solution 
was then concentrated under reduced pressure, and the crystalline product washed with water 
(yield, 0-53 g.). From isopropanol, 1 : 3-dihydroxyiminoisoindoline formed prisms, m. p. 261° 
(decomp.) (Found: C, 53-8; H, 3-85; N, 23-4. CgsH,O,N, requires C, 54-25; H, 4-0; N, 
23-7%). It gave a dark yellow-brown colour with ethanolic cupric acetate, and was soluble in 
aqueous sodium hydroxide but not in cold concentrated hydrochloric acid. Light absorption in 
ethanol: max. at 2270, 2510, 2570 (inflexion), 2650, 2970 A (¢ = 12,700, 9,000, 11,000, 12,700, 
14,200, respectively). 

Kampschmidt and Wibaut (Rec. Tvav. chim., 1952, 71, 601) appear to have obtained the 
dioxime, m. p. 264°, from phthalaldehyde and hydroxylamine. 

3-Hydroxyimino-1-oxoisoindoline (Part I) in ethanol has max. at 2510, 2570, 2650, 3050 A 
(c = 9,400, 11,700, 14,000, 5,000, respectively). 

5-H ydroxyimino-2-pyrrolidone.—(a) Preparation. (i) 5-Imino-2-pyrrolidone (1 g.), hydroxyl- 
amine hydrochloride (1 g.), ethanol (40 c.c.), and 2-methoxyethanol (15 c.c.) were heated 
together under reflux for 6 hr. The solution was concentrated to small bulk under reduced 
pressure, and the solid extracted with boiling ethanol. Recrystallisation of the extracted 
material (0-8 g.) from ethanol (several times) afforded prisms of 5-hydroxyimino-2-pyrrolidone, 
m. p. 219° (decomp.) (Found: C, 42-4; H, 5-6; N, 24-7. Calc. for Cj,H,O,N,: C, 42-1; H, 
5-3; N, 24-6%). 

(ii) Succinonitrile (2 g.) in ethanol (10 c.c.), and hydroxylamine (from 1-73 g. of the hydro- 
chloride) in water (10 c.c.), were kept together at 65° overnight. The solution was evaporated, 
and the product, m. p. ca. 185° (decomp.), isolated by extracting the residue with boiling 
ethanol (Garny, Joc. cit.). After two crystallisations from ethanol the 5-hydroxyimino-2- 
pyrrolidone had m. p. 211—212° (decomp.) undepressed in admixture with the preceding 
preparation. Garny recorded m. p. 197° (decomp.). The colours given with ferric chloride 
and copper acetate described by him were confirmed, but no blue colour was obtained with 
sodium hydroxide. 

(b) Degradation. A solution of 5-hydroxyimino-2-pyrrolidone [300 mg.; m. p. 219° (de- 
comp.)] in warm water (15 c.c.) was chilled in ice, and treated with sodium nitrite (200 mg.) 
in water, and then dropwise with 2N-hydrochloric acid (2 c.c.). After 5 min., the solution 
was evaporated under reduced pressure, and the residue dried by distilling chloroform from it. 
By extraction of the residue with hot acetone, succinimide (260 mg., 1-99 mols.) was isolated, 
m. p. 122—123° and mixed m. p. 122—124°. 

2-Imino-5-phenyliminopyrrolidine.—A solution of succinimidine (2 g.) and aniline (4 c.c.) 
in methanol (35 c.c.) was boiled under reflux for 4 hr. Evaporation of the solution left a gum 
which slowly crystallised; the solid (3 g.) was washed with ether. From dimethylformamide— 
benzene, 2-imino-5-phenyliminopyrrolidine crystallised as colourless needle-clusters of the 
hydrate, m. p. 169° (decomp.) with darkening from ca. 160° (Found: C, 62-95; H, 7-05; N, 
21-7. Cy 9H,,N3,H,O requires C, 62-8; H, 6-85; N, 220%). This was partially dehydrated 
(i) at 50°/10-5 mm., or (ii) by several crystallisations from dry acetone; the m. p. was unchanged 
[Found : (i) C, 67-45; H, 6-7. (ii) C, 64-9; H, 6-8. C,)H,,N;,}H,O requires C, 67-6; H, 6-5. 
C49H,,N3,3H,O requires C, 64-8; H, 6-7%]. 

Hydrolysis to 5-Phenylimino-2-pyrrolidone.—-The preceding imine hydrate (500 mg.) was 
kept in a mixture of methanol (5 c.c.) and water (1 c.c.) at 45° overnight. Ammonia was 
evolved. Evaporation of the solution to small bulk afforded a solid (352 mg.) with m. p. 204— 
206°, raised to 215—217° after crystallisation from ethanol. The m. p. was not depressed by 
the phenylimino-pyrrolidone next described. 
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5-Phenylimino-2-pyrrolidone.—5-Imino-2-pyrrolidone (0-33 g.) and aniline (0-5 c.c.) were 
boiled together in 2-methoxyethanol (5 c.c.) for 3 hr., during which ammonia was evolved. 
Next day, 5-phenylimino-2-pyrrolidone had separated as leaflets (0-5 g.), m. p. 216° (with 
darkening from ca. 205°), raised to 219° by crystallisation from -propanol (Found: C, 68-7; 
H, 6-1; N, 15-9. Calc. for CygH,gON,: C, 69-0; H, 5-8; N, 16-1%). Comstock and Wheeler 
(loc. cit.) recorded m. p. 216°. 

2-2’-Naphthylimino-5-phenyliminopyrrolidine.—2-Imino-5-phenyliminopyrrolidine (l_ g.), 
2-naphthylamine (0-85 g.), and u-butanol (15 c.c.) were heated together under reflux for 3 hr., 
ammonia being evolved. The solution was evaporated, and the residue triturated with ether, 
and then taken up in boiling methanol (charcoal). After several crystallisations from methanol— 
water, 2-2’-naphthylimino-5-phenyliminopyrrolidine was obtained as a colourless crystalline 
powder, m. p. 191° (decomp.) (Found: C, 80-5; H, 5-5; N, 13-6. C,.9H,,N; requires C, 80-2; 
H, 5-7; N, 141%). 

2: 5-Diphenyliminopyrrolidine.—(a) Preparation. (i) 2-Imino-5-phenyliminopyrrolidine 
(1 g.), aniline (1 c.c.), and m-butanol (15 c.c.) were heated under reflux for 4 hr. The solution 
was evaporated, and the solid (1-2 g.) washed with ether. Several crystallisations from methanol— 
water yielded the 2: 5-diphenyliminopyrrolidine as colourless needles, m. p. 204° (decomp.) 
(Found: C, 77-2; H, 6-35; N, 17-0. C,,H,;N; requires C, 77-1; H, 6-05; N, 16-85%). 

(ii) Powdered diethyl succindi-imidoate dihydrochloride (1 g.) (Pinner, Ber., 1883, 16, 
352) and aniline (2 c.c.) were mixed in dry methanol. Next day, the solid was washed with 
ethanol and dried. From water, the 2: 5-diphenyliminopyrrolidine hydrochloride hemihydrate 
(1-3 g.) crystallised as long needles, which darkened, without melting, above 230° (Found : 
C, 65-4; H, 6-0; N, 14-5. C,,H,;N;,HC1,4H,O requires C, 65-2; H, 5-8; N, 14-3%). 

Treatment of this salt, suspended in ethanol, with the calculated quantity of aqueous sodium 
hydroxide yielded 2: 5-diphenyliminopyrrolidine, which crystallised from methanol—water as 
needles, m. p. and mixed m. p. 204° (decomp.) (Found: N, 16-9%). 

(iii) Fusion of succinonitrile (0-62 g.) with powdered aniline hydrochloride (2 g.) at 165° 
for 15 min. (Blochmann, Joc. cit.), and crystallisation of the product from water, gave the hydro- 
chloride hemihydrate (1-3 g.) (Found: C, 64-95; H, 5-8%). With ethanolic aqueous sodium 
hydroxide, this was converted into 2: 5-diphenyliminopyrrolidine, which crystallised from 
methanol as needles, m. p. and mixed m. p. 203—204° (decomp.). 

(b) Degradation. (i) A solution of 2: 5-diphenyliminopyrrolidine hydrochloride hemi- 
hydrate (0-2 g.) in a mixture of water (7 c.c.) and methanol (2 c.c.) was kept at 60—70° for 
6 hr., and then at room temperature overnight. Leaflets (neutral, insoluble in hot water) had 
then separated, m. p. 225—226° undepressed by succindianilide (m. p. 230°), prepared from 
succinoyl chloride (Morrell, J., 1914, 105, 1733). 

(ii) 2 : 5-Diphenyliminopyrrolidine (0-2 g.) was similarly hydrolysed, in methanol (10 c.c.), 
with water (4 c.c.) at 60—70° for 6 hr., to succindianilide, m. p. 228—229° and mixed m. p. 
229—230°. 

The diphenyliminopyrrolidine was recovered in 65% yield after being kept in a mixture of 
methanol (10 c.c.) and water (3 c.c.) at 40—45° for 6 hr. 

(iii) 2: 5-Diphenyliminopyrrolidine hydrochloride hemihydrate (0-5 g.) was boiled with 
water (20 c.c.) for 1 hr., and the solution then cooled in ice. N-Phenylsuccinimide (0-25 g.) 
separated as prismatic needles, m. p. 152—153° raised to 154° by recrystallisation from water 
(Found: C, 68-25; H, 5-2; N, 8-0. Calc. for C,jJH,O,N: C, 68-6; H, 5-2; N, 8-0%). 

When succindianilide (50 mg.), m. p. 230°, was heated under reflux for 6 hr. with ethanol 
(3 c.c.), water (20 c.c.), and concentrated hydrochloric acid (0-1 c.c.), and the solution then 
concentrated under reduced pressure, needles separated, m. p. 150—152° undepressed by 
N-phenylsuccinimide. 

(iv) 2: 5-Diphenyliminopyrrolidine hydrochloride hemihydrate (500 mg.) was dissolved in 
hot 0-5N-hydrochloric acid (15 c.c.). The solution was chilled in ice, and treated dropwise 
with sodium nitrite (0-3 g.) in water. After 5 min., 2-naphthol (0-5 g.) in N-sodium hydroxide 
(16 c.c.) was added, and the orange-red precipitate was subsequently collected, washed well 
with water, and dried (yield: 812-5 mg., 1-93 mols.). It had m. p. 128—129°, and mixed m. p. 
129—130° with authentic phenylazo-2-naphthol. 

Reaction of Phthalonitrile with Aniline Hydrochlovide.—An intimate mixture of the nitrile 
(1-7 g.) and the salt (3-4 g.) was heated at 235—-240° for 30 min. The dark product was triturated 
with water, yielding a yellow powder (1-2 g.), m. p. 245—250°, which crystallised from acetic 
acid as yellow prisms, m. p. 275—-278° undepressed by 1: 3-diphenyliminoisoindoline hyd-o- 


chloride, m. p. 278°. 
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Degradation of 1: 3-Diphenyliminoisoindoline with Nitrous Acid.—Sodium nitrite (250 mg.) 
in water (3 c.c.) was added dropwise to an ice-cooled solution of the base (400 mg.) in a mixture 
of dioxan (30 c.c.) and 50% aqueous acetic acid (10 c.c.). The mixture was kept at room 
temperature : pale yellow needles separated and later redissolved. After 45 min. the solution 
was poured into alkaline 2-naphthol (0-4 g. in an excess of N-sodium hydroxide) at 0°, and the 
crude reddish precipitate was collected and washed (382 mg., 0:95 mol.). This crystallised 
from ethanol—water, giving orange-red needles of phenylazo-2-naphthol but in only 30% yield. 

An even cruder product resulted when the reaction time, or the quantity of nitrite, was 
increased. 

Stability of 1: 3-Diphenyliminoisoindoline to Water.—The base (0-2 g.) was recovered, m. p. 
124—126° and mixed m. p. 125—127°, after being heated under reflux with water (3 c.c.) and 
ethanol (7 c.c.) for 6 hr. 

1 : 3-Diphenyliminoisoindoline hydrochloride was boiled in aqueous ethanol for 30 min., 
and the then almost colourless solution cooled in ice. Phthalimide separated, m. p. and mixed 
m. p. 230—231°; it crystallised from benzene as laths, m. p. 231° (Found: C, 65-1; H, 3-5. 
Calc. for C,H,0,N: C, 65:3; H, 3-5%). 


We thank Dr. E. A. Braude for helpful discussion of the spectrographic data. Micro- 
analyses and spectrographic determinations were made in the micro-analytical (Mr. F. H. 
Oliver) and the spectrographic laboratory (Mrs. A. I. Boston) of this Department. 


DEPARTMENT OF ORGANIC CHEMISTRY, IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SouTH KENSINGTON, LONDON, S.W.7. [Received, September 11th, 1953.) 


Anodic Syntheses. Part X.* Synthesis of Nervonic (Selacholeic) 
Acid. 


By D. G. Bounps, R. P. LINsTEApD, and B. C. L. WEEDON. 


[Reprint Order No. 4750.] 
cis- and tvans-Tetracos-15-enoic acid have been prepared by anodic chain 
extension of oleic and elaidic acid respectively. The cis-acid is identical with 
nervonic acid. 
Botu nervonic acid, from the brain cerebrosides of cattle and man (Klenk, Z. physiol. 
Chem., 1925, 145, 244; 1926, 157, 283; 1927, 166, 268, 287), and selacholeic acid, from 
shark- and ray-liver oils (Tsujimoto, J. Soc. Chem. Ind., Japan, 1927, 30, 868; Hilditch, 
“The Chemical Constitution of Natural Fats,’’ Chapman and Hall, London, 1947), were 
formulated as cis-tetracos-15-enoic acid on the basis of their reactions and degradation. 
These two, apparently identical, natural products have previously been synthesised by 
malonate chain extension of erucic (cts-docos-13-enoic) acid (Hale, Lycan, and Adams, 
J. Amer. Chem. Soc., 1930, 52, 4536; Vesely and ChudozZilov, Coll. Trav. chim. Tchécosl., 
1930, 2,95; Miiller and Binzer, Ber., 1939, 72, 615). This route normally gives mixtures 
of cis- and trans-tetracos-15-enoic acid which can, however, be separated by fractional 
crystallisation. Only in one instance has a product been obtained consisting essentially of 
the low-melting (cis-)isomer (Hale, Lycan, and Adams, /oc. cit.). 
Recently (Part IX) it has been shown that anodic chain extension of oleic and elaidic 
acid occurs without stereomutation about the double bond. This reaction has now been 
used to synthesise directly the pure geometrical isomers of tetracos-15-enoic acid. 


CH,:[CH,),“CH:CH-[CH,],*CO,H + HO,C-[CH,],*CO,;Me 
CH,:(CH,],*CH:CH-[CH,],3°CO,H (I) 
Electrolysis of oleic and elaidic acid in the presence of an excess of methyl hydrogen 


suberate gave the expected mixtures of three products by both symmetrical and unsym- 
metrical coupling of the two components. By distillation, and hydrolysis of the unsym- 


* Part IX, J., 1953, 2393. 
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metrical products, cis- and trans-tetracos-15-enoic acid (I) were obtained in 30—35% overall 
yields. The cis-acid was converted into the trans-form on treatment with nitrous acid. 
Each isomer on catalytic hydrogenation gave lignoceric (tetracosanoic) acid almost 
quantitatively. Oxidation of the cis-and the trans-acid with performic acid led to threo- 
and erythro-15 : 16-dihydroxylignoceric acid respectively, both of which yielded nonanal on 
treatment with periodic acid, thus confirming the position of the doub’e bonds. 

We have taken the opportunity to compare the melting points of cis- and trans-tetracos- 
15-enoic acid, prepared anodically, and of the derived saturated acid, with the values 
previously recorded for other samples of these substances. The variation in the melting 
point recorded for the unsaturated acids is surprisingly large (a range of 6° for the cis- and of 
10° for the tvans-isomer). A full direct comparison has not been possible as some of the 
earlier specimens are no longer available. However, we have been fortunate in obtaining 
a sample of methyl nervonate from Professor E. Klenk, and of synthetic trans-tetracos-15- 
enoic acid from Professor Roger Adams. Previously, Tsujimoto has compared selacholeic 
acid and its isomerisation product with Vesely and ChudoZilov’s synthetic materials. The 


melting points are summarised in the Table. 
In interpreting these data, we are considerably influenced by the fact that the method 


Melting points of tetracos-15-enoic and tetracosanotc acids. 
Authors * cis-Acid trans-Acid Saturated acid ¢ 


FRMO, ccc adeecctsoccsdeghecnioatsesenisccs, San (ewenue) 61° 85° 
TORMNOES © ies cc iscactuacsss 42-5—43 (selacholeic) 60-5 & 83-5 
Hale, Lycan, and Adams 39—39-5 (synthetic) 61,4 62—63° 83—84 
Vesely and ChudoiZilov ............... 66—67 J — 
Miiller and Binzer f ..........0,.c0+0+ . 70-64 84-0 
Present authors f 65-5 9 


Comparison of tetracos-15-enoic acid samples. 
Vesely and 
cis-Acid Nervonic Mixed ChudoZilov’s Selacholeic 
(from oleic) acid m. p. cis-acid acid 


40-5—41° 39—39-5° * 39-5—40-5° 44—45° 43° No depression‘ 


trans-Acid trans-Acid Vesely and 
(from of Adams Mixed ChudozZilov’s Tsujimoto’s Mixed 
elaidic) et al. m. p. trans-acid trans-acid m. p. 
65-5 61—63-5 61—63-5 66—67 68-5 64-5° 45 

* Loce. cit. tT M. p.s corrected. 

* Francis and Piper, J. Amer. Chem. Soc., 1939, 61, 577, give m. p. 84-15° for lignoceric acid. 
® Prepared by “ elaidinisation ’’ of the natural acid. ¢ A revised value of 68-5° is quoted by Vesely 
and Chudozilov. * By-product in preparation of cis-acid from erucic acid. ¢ Prepared by “ elaidin- 
isation ’’ of the cis-acid. 4 Prepared both as in (e) and by malonate chain extension of brassidic acid. 
¢ Prepared both as in (e) and by anodic chain extension of elaidic acid. * Prepared by hydrolysis of 
Professor Klenk’s methyl nervonate, and crystallisation of the resulting acid from methanol at 0°. 
§ After crystallisation of Professor Adams’s sample to constant m. p. from methanol. 4 Tsujimoto’s 
report, quoted by Vesely and ChudozZilov. 


of anodic synthesis gave no stereomutation in the erucic-brassidic series, and hence may 
be expected to give homogeneous products. Our main conclusions follow : 

(1) The nervonic acid of Klenk and the selacholeic acid of Tsujimoto are essentially 
cis-tetracos-15-enoic acid, and identical with our synthetic acid and that of Adams ¢é¢ al. 
and of Miiller and Binzer. The reason for the higher melting point recorded by Vesely and 
ChudoiZilov is not clear; there may be polymorphism, as with some other cis-acids. 

(2) The trans-acid which we obtained by elaidinisation of the cts-isomer agreed exactly 
with that made by anodic synthesis, and the melting point is close to that reported by 
Vesely. We suspect that the lower-melting materials may contain a small amount of 
isomer. 
(3) Vesely’s synthetic rans-acid slightly depressed the m. p. of that obtained by the 
action of nitrous acid on selacholeic acid. It is possible that the elaidinisation was accom- 
panied by a partial double bond migration. The high m. p. of the trans-acid reported by 
Miller may have a similar cause. 

(4) There is a satisfactory general agreement on the m. p. of the saturated acid. 


Q 
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EXPERIMENTAL 


Intermediates.—For the purification of oleic acid and the preparation of elaidic acid see Part 
IX. Methyl hydrogen suberate, b. p. 1835—138°/0-12 mm., njj 1-4461, was prepared from suberic 
acid and methyl suberate (cf. Swann, Oehler, and Buswell, Org. Synth., Coll. Vol. II, p. 276), and 
methyl hydrogen glutarate as described in Part VIII (J., 1953, 1538). 

Electrolyses.—The two cells, ‘‘ A’’ and ‘‘ C,’’ and the procedures used, were those described 
in Part IX. Cc ‘‘ A”’ was fitted with two water-cooled glass U-tubes. 

Methyl Suberate and Suberic Acid.—A solution of methyl hydrogen glutarate (200 g.) in 
methanol (300 c.c.) was electrolysed in cell ‘‘C”’ (4 amps.; faradays passed, ca. 1-25 times 
theoretical). Isolation of the neutral product and distillation gave methyl suberate (92-5 g.), 
b. p. 128—132°/9 mm., njf 1-4350. Hydrolysis with 10% aqueous-alcoholic sodium hydroxide 
gave suberic acid (62% overall yield), m. p. 136—139°, raised by crystallisation (charcoal) from 
water to 140° (Found: equiv., 87:2. Calc. for CgH,,0,: equiv., 87-1). 

cis-Tetvacos-15-enoic Acid.—A mixture of oleic acid (10-0 g., 0-036 mole) and methyl hydrogen 
suberate (19-0 g.) in methanol (40 c.c.) was electrolysed (1-4 amp.; faradays passed, ca. 1-2 
times theoretical). A considerable amount of a colourless solid began to separate from the 
electrolyte at an early stage in the electrolysis. Towards the end of the reaction the current 
tended to drop, but was restored to its former value by the addition of further half ester 
(altogether 24-5 g., 0-13 mole, of the latter were used). After the electrolysis the alkaline cell 
contents were acidified and then evaporated. The residue was separated in the usual way into 
acidic and neutral fractions. Distillation of the latter from a Kon flask gave: (i) An unsatur- 
ated oil (1-6 g.), b. p. 70—120°/10 mm., nj) 1-4409. (ii) Methyl tetradecanedioate (10-5 g., 
57%), b. p. 127—130°/10 mm., m. p. 39—41°, which was not purified further (Chuit, Helv. 
Chim. Acta, 1926, 9, 264, gives m. p. 43°). (iii) A product (5-9 g.), b. p. 186—202°/10 mm., 
m. p. 12—13-5°. Two crystallisations (charcoal) of a small portion from acetone at —25° gave 
methyl nervonate, m. p. 14—15°, 33 1-4563 (Found: C, 79-35; H, 12-85. Calc. for C,;H,,0,: 
C, 78-9; H, 12:7%). Hydrolysis (in nitrogen) of the bulk with excess of hot 2N-aqueous- 
methanolic sodium hydroxide furnished a solid which was extracted with light petroleum (b. p. 
60—80°; 20 c.c.). Evaporation of the extract yielded nervonic acid (4:4 g., 37%), m. p. 
37—39° (Found: equiv., 389. Calc. for C,,H,,O,: equiv., 367). 

Further purification of the nervonic acid was effected in the following manner. The acid was 
converted into its lithium salt which was extracted with boiling light petroleum (b. p. 60—80°), 
and then crystallised once from aqueous alcohol, giving plates, m. p. 218—221° (uncorr., sealed 
capillary). Regeneration from the salt gave a product (3-0 g.), m. p. 39-5—40-5°, nff 1-4535. 
Two crystallisations from alcohol at 0° yielded nervonic acid as plates, m. p. 40-5—41° (Found : 
C, 78:7; H, 12-8%; equiv., 366. Calc. for C,,H,,O,: C, 78-6; H, 12-65%; equiv., 367). The 
amide, from alcohol, had m. p. 86-5—87-5° (Vesely and ChudozZilov, loc. cit., give m. p. 87—88°). 

The residue from the preceding distillation gave crude tetratriaconta-cis-9 : cis-25-diene 
(0-9 g., 11%), b. p. 150—160° (bath-temp.; short-path still)/10-* mm., m. p. 15-5—16-5°, n? 
1-4638. 

trans-Tetvacos-15-enoic Acid.—(a) From elaidic acid. A mixture of elaidic acid (5-0 g., 0-018 
mole; m. p. 44—44-3°) and methyl hydrogen suberate (total 13-3 g., 0-071 mole) in methanol 
(30 c.c.) was electrolysed as described above (1-2 amp. ; faradays passed, ca. 1-5 times theroetical). 
After the electrolysis the cell contents were boiled and then cooled slightly. The solid, consisting 
of crude tetratriaconta-tvans-9 : trans-25-diene (0-7 g., 17%), m. p. 53—54°, was collected and 
the filtrate was acidified and evaporated. The residue was separated into an acidic and a 
neutral fraction. Distillation of the latter from a Kon flask gave: (i) An unsaturated oil 
(1-05 g.), b. p. 70—80°/10- mm., nj) 1-4406. (ii) Methyl tetradecanedioate (4-9 g., 48%), b. p. 
115—140°/10% mm., m. p. 40-5—42°, nf 1-4355. Hydrolysis yielded the diacid which crystallised 
(charcoal) from alcohol—benzene as needles, m. p. 126-5° (Chuit, Joc. cit., gives m. p. 125-8°). 
(iii) Methyl tvans-tetracos-15-enoate (2-45 g.), b. p. 180—190°/10 mm., m. p. 36-5—37-5°. 
Two crystallisations of a small portion from acetone at 0° gave needles, m. p. 37:0—37:2°, nf? 
1:4471. Hydrolysis of the bulk gave a solid (1-94 g., 32%), m. p. 64—67°, which after two 
crystallisations (charcoal) from 90% aqueous alcohol yielded tyans-tetracos-15-enoic acid as 
needles, m. p. 65-5°, unchanged on further crystallisation (Found: C, 78-6; H, 12:-7%; equiv., 
368. Calc. for C,4H,,O,: C, 78-6; H, 12-65%; equiv., 367). The amide, from alcohol, had 
m. p. 97—98° (Vesely and ChudoiZilov, loc. cit., give m. p. 98—99°). 

(b) From cis-tetracos-15-enoic acid (cf. Dorée and Pepper, J., 1942, 481). Sodium nitrite 
(60 mg.) was added gradually to a well-shaken mixture of cis-tetracos-15-enoic acid (0-3 g.), 
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nitric acid (2:3 .c.c.; d 1-42), and water (5-25 c.c.) at 55°. The mixture was heated at 75° for 
15 min. and then cooled. The solid was collected and crystallised four times from alcohol, 
giving trans-tetracos-15-enoic acid as needles, m. p. 65-5°, undepressed on admixture with the 
specimen described above. 

Tetracosanoic Acid.—Hydrogenation of cis-tetracos-15-enoic acid (90 mg.) in ethyl acetate 
(8 c.c.) in the presence of Adams's catalyst (7 mg.) gave a solid (90 mg.), m. p. 81I—83°. Crystal- 
lisation from alcohol yielded tetracosanoic acid as plates, m. p. 83—84°. 

Similarly the trans-isomer gave tetracosanoic acid in 90% yield, m. p. and mixed m. p. 
83-5—84°. 

15 : 16-Dihydroxytetrvacosanoic Acid.—(i) Oxidation of cis-tetracos-15-enoic acid (1-5 g.) with 
performic acid at 40°, and hydrolysis of the initial product (cf. Swern, Billen, Findlay, and 
Scanlan, J. Amer. Chem. Soc., 1945, 67, 1786) gave a product (1-52 g., 93%), m. p. 100—102°, 
which was extracted with light petroleum (b. p. 60—80°). Crystallisation of the residue from 
80% aqueous alcohol gave threo-15 : 16-dihydroxytetracosanoic acid (52%) as rectangular plates, 
m. p. 104—105° (Found: C, 72:15; H, 12-35%; equiv., 402. C,,H,,O, requires C, 71-95; 
H, 12-1%; equiv., 401). 

(ii) Similarly tvans-tetracos-15-enoic acid (0-55 g.) gave a solid (0-51 g., 85%), m. » 127— 
28-5°. Crystallisation from methanol yielded erythro-15: 16-dihydroxytetracosanvic acid 
67%) as hexagonal plates, m. p. 130-5—131° (Found: C, 72-0; H, 12-2. C,.4H,,O, requires 
>, 71-95; H, 12-1%). 

Periodic acid oxidation (cf. Huber, 2bid., 1951, 73, 2730) of the erythro- and the threo-acid 
gave nonanal, which was isolated as its 2: 4-dinitrophenylhydrazone, in 32 and 45% overall 

yield respectively. The derivatives crystallised from alcohol in needles, m. p. 102—103°,. 
undepressed on admixture with an authentic specimen of m. p. 103—104° (idem, loc. cit., gives 
m. p. 105—106°). 


Analyses were carried out in the microanalytical laboratory (Mr. F. H. Oliver) of this Depart- 
ment. One of us (D. G. B.) thanks the Department of Scientific and Industrial Research for a 
Maintenance Grant. 
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Studies in the Synthesis of Cortisone. Part IV.* The Oxidation of 
Steroid 7: 9-Dienes with Sodium Dichromate in Acetic Acid. 


By J. Erxs, R. M. Evans, A. G. Lone, and G. H. THomas. 
[Reprint Order No. 4644.] 


Attempts are described at oxidizing steroid dienes of the ergosterol-D 
type (I) to compounds suitable for use in the synthesis of cortical hormones. 
With sodium dichromate in acetic acid at 80° the side-chain double bond 
was unattacked. Oxidation of the 5«-hydroxy-compound (Id) and isolation 
of the products left the hydroxyl group intact, but the 5a-acetoxy-group in 
the products from (Ic) was eliminated during chromatography. Three 
types of nuclear oxidation could be discerned, leading severally to A®-7- 
ketones (II), A8®-7-ketones (III) and A®%®-7; 1]1-diketones (IV); although 
means exist for utilising such compounds for the original ends, the low yields in 
the oxidations and the difficulties in separating such mixtures thwarted us. 

Anomalies in the absorption spectra of the 5a-hydroxy-A®®)-7 : 11- 
diketones (IVc) and (IVd), and the ultra-violet absorption due to the cross- 
conjugated A*8®.7-keto-chromophores, are examined. 


OxIDATION of steroids of the ergosterol-D type (I), containing the 7 : 9-diene system, to 
A%)-7 : 11-dioxo-steroids has been suggested as a route to compounds of use in the synthesis 
of cortical hormones from relatively plentiful sources (cf. Heusser, Eichenberger, Kurath, 
Dallenbach, and Jeger, Helv. Chim. Acta, 1951, 34, 2106; Chamberlin, Ruyle, Erickson, 
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Chemerda, Aliminosa, Erickson, Sita, and Tishler, J]. Amer. Chem. Soc., 1951, 78, 2396). 
This communication describes attempts to achieve this oxidation in one step. 

Previous work in the steroid and the lanosterol series (inter al., Windaus, Ber., 1906, 
39, 2249: Fieser, Herz, and Wei-Yuan Huang, J]. Amer. Chem. Soc., 1951, 78, 2397; 
Fieser, Babcock, Herz, Wei-Yuan Huang, and Schneider, idid., p. 4053; Budziarek, 
Newbold, Stevenson, and Spring, J., 1952, 2892) suggested chromic acid asa suitable oxidant, 
and trials with it led us to adopt conditions of oxidation with sodium dichromate and 
acetic acid that resembled those developed in the later researches at Harvard (Fieser, 
Wei-Yuan Huang, and Babcock, J. Amer. Chem. Soc., 1953, 75, 116; Fieser and Herz, 
ibid., p. 121). Scission of the ergosterol side chain, which would be a desirable adjunct 
to the nuclear oxidation in a proposed synthesis of cortisone, was negligible, acidic material, 
apparently with an intact steroid nucleus, accounting for only about 5% of the oxidation 
products. This experience confirms the impression given in the literature of the resistance 
of the 22 : 23-double bond to cleavage by chromic acid (cf. Burawoy, J., 1937, 409; Heusser 
et al., and Budziarek e¢ al., locc. cit.). 

We studied the oxidation of four conjugated dienes: 38-acetoxy-22 : 23-dibromo- 
ergosta-7 : 9-diene (Ib), 38-acetoxy- (Ia), 38: 5a-diacetoxy- (Ic), and 38-acetoxy-5a- 
hydroxy-ergosta-7 : 9: 22-triene (Id). These reactions seemed consistently to beget 
three types of product, but it was not always possible to isolate each from the issue of 
one oxidation. The mixtures contained the unconjugated A%-7-ketone (II), the conjugated 
A*®)-7-ketone (III), and the A&®-7 : 11-diketone (IV), which were eluted in that order from 
an alumina column. All the products reacted slowly (as 7-keto-steroids) with Brady’s 
reagent (cf. Barton, J., 1953, 1027); the unreactive 11-monoketones (cf. Steiger and Reich- 
stein, Helv. Chim. Acta, 1937, 20, 817; Barton, loc. cit.) were absent. Fieser et al. (locc. 
cit.) found compounds of the first and the last type among their oxidation products, and 
Budziarek et al. (loc. cit.) isolated the A‘®)®-7-ketone (IIIa) after oxidation of ergosteryl-D 
acetate with chromic oxide. Our experience contrasts with these authors’, for our main 
product from the last-mentioned oxidation was the A%-7-ketone (IIa); we attribute the 
difference to the nature of the alumina used in the separation of the products. We chose 
an adsorbent previously treated with acetic acid and reactivated, on which the uncon- 
jugated A®*-7-ketones survived, whereas on untreated alumina the double bond shifted 
into conjugation. 
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Ergosteryl-D acetate (Ia) utilised 30 in 4 minutes from a solution of sodium di- 
chromate in acetic acid at 80°; nevertheless the main product (ca. 20% yield) was the 
monoketone (IIa), identical with a compound of this structure made by the alternative 
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method of Heusser, Anliker, Eichenberger, and Jeger (Helv. Chim. Acta, 1952, 35, 936; 
cf. Schoenewaldt, Turnbull, Chamberlin, Reinhold, Erickson, Ruyle, Chemerda, and 
Tishler, J. Amer. Chem. Soc., 1952, 74, 2696). The absorption of the ketone in the infra- 
red and far ultra-violet supports the structure (IIa). Only one of the fractions in this 
separation was dextrorotatory. It contained a yellow compound, believed to be the 
A%().7 ; 11-diketone (IVa), which Heusser eé al. (loc. cit., 1951) got by oxidation of the 
enediol (V), but we failed to purify our material. 

Oxidation of the dibromo-diene (Ib) gave three recognisable products: 3(-acetoxy- 
22 : 23-dibromoergost-9-en-7-one (IIb), 38-acetoxy-22 : 23-dibromoergost-8(9)-ene-7 : 11- 
dione (IV8), and a trace of 38-acetoxy-22 : 23-dibromoergost-8(9)-en-7-one (IIId). Their 
structures were assigned on the basis of their absorption spectra, and by analogy with other 
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compounds obtained in this work, and confirmed for (IIIé) and (IVd) by comparison 
with compounds obtained by Spring and his collaborators (J., 1952, 3410, 4874). 

The diacetoxy-triene (Ic) yielded the oxidation products 36-acetoxyergosta-5 
trien-7-one (VII) and 3-acetoxyergosta-5 : 8(9) : 22-triene-7: 1l-dione (VIII), these 
structures being established as described below. It seems that the 5a-acetoxy-group is 
eliminated during the chromatography, since Elks, Evans, Oughton, and Thomas (following 
paper) obtained 38 : 5a-diacetoxy-7-oxoergosta-9 : 22-diene (IIc) by acid-catalysed re- 
arrangement of 38: 5a-diacetoxy-9« : 1l«-epoxyergosta-7 : 22-diene (VId) when they 
purified the product by chromatography on charcoal, whereas the A®-compound (VII) 
issued from a column of alumina. 

Hydrogenation of the trienone (VII) with a palladium-carbon catalyst in an acid 
medium gave 3$-acetoxyergost-9-en-7-one (IId), identical with the substance generated 
by hydrogenation of the dienone (IIa). Therefore in these conditions the 5: 6-double 
bond is hydrogenated on the «-face, engendering a trans-fusion of rings A and B (cf. Windaus, 
et al., Ber., 1920, 58, 614; Marker and Rohrmann, J. Amer. Chem. Soc., 1939, 61, 3022; 
Reichstein and Lardon, Helv. Chim. Acta, 1941, 24, 955; Wintersteiner and Moore, /. 
Amer. Chem. Soc., 1948, 65, 1503). Prolonged hydrogenation of (VII) or (IIa) in acetic 
acid or ethyl acetate saturated the 9 : 11-double bond and yielded the known 38-acetoxy- 
ergostan-7-one (X) (Stavely and Bollenback, 7bid., 1943, 65, 1285, 1290). The poor return 
from this hydrogenation is probably due to a shift of the 9:11-double bond into 
conjugation, with subsequent reduction to an allylic alcohol and hydrogenolysis (cf. 
McKenzie, Mattox, and Kendall, /. Biol. Chem., 1948, 175, 249). 

The structure of the yellow enedione (VIII) was confirmed, not only by the infra-red 
and ultra-violet absorption, but also by hydrogenation. Zinc in acetic acid saturated 
the 8:9-double bond and gave 3$-acetoxyergosta-5 : 22-diene-7 : 1l-dione (XI), which 
was then hydrogenated catalytically to 38-acetoxyergostane-7 : 11-dione (XIId), identical 
with the product of hydrogenation of 36-acetoxyergost-22-ene-7 : 11-dione (XIIa) (Heusser 
et al., loc. cit., 1951). 

The hydroxy-triene (Id) with sodium dichromate in acetic acid generated a complicated 
mixture, from which only one compound could be isolated. Its infra-red absorption 
supports the inference that it is 38-acetoxy-5a-hydroxyergosta-8(9) : 22-diene-7 : 11- 
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dione (IVc), and its yellow colour denotes a trans-disposed enedione chromophore (cf: 
Conant and Lutz, J. Amer. Chem. Soc., 1923, 45, 1303). We had to forego a chemical 
study of (IVc), which arose from (Id) in less than 1% yield, but its structure would 
seem to be secure on the above foundations and by analogy with the products of similar 
oxidations in this series. 

This contention was upheld by comparison of the properties of ([Vc) with those of the 
analogous 3$-acetoxy-5«-hydroxyergost-8(9)-ene-7 : 11-dione (IVd), which was prepared 
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in the following alternative manner. 38-Acetoxyergosta-7 : 9-dien-5«-ol (Ie) (Bladon, 
Clayton, Greenhalgh, Henbest, Jones, Lovell, Silverstone, and Wood, /., 1952, 4883) was 
treated with N-bromosuccinimide and aqueous fert.-butanol containing acetic acid (cf. 
Fieser, Schneider, and Wei-Yuan Huang, J. Amer. Chem. Soc., 1953, 75, 124), producing 
a crude bromo-compound, which was hydrolysed with silver nitrate solution and finally 
oxidised with chromic oxide to the yellow enedione (IVd). 

In view of the copious work of Kon and Linstead and their co-workers (cf. Baker, 
‘“ Tautomerism,” Routledge, London, 1934, p. 154; Alexander, “ Principles of Organic 
Reactions,’’ Wiley, New York, 1950, p. 281) on the relative stabilities of pairs of conjugated 
and unconjugated unsaturated ketones, we were interested in the properties of the A%-7-keto- 
steroids. Partial conjugation in the ketones (IIa) and (VII) occurred during their passage 
through a column of untreated alumina, and complete conjugation occurred in aqueous- 
alcoholic sodium hydroxide or in acetic acid containing perchloric acid. The ketone (IIIa), 
derived from (IIa) (with subsequent acetylation, if necessary), was identified with a com- 
pound previously so described (Stavely and Bollenback, locc. cit.; Heusser et al., loc. cit., 
1951; Budziarek et al., J., 1952, 3410, 4874). Isomerisation of (VII) in such conditions 
yielded the cross-conjugated ketone (XIV), whose structure was confirmed by hydrogen- 
ation in the presence of a platinum or nickel catalyst to the enone (IIIc), which was also 
obtained by the hydrogenation of (IIIa). The migrating double bond therefore settles 
in the 8: 9- and not in the 8 : 14-position (cf. Stavely and Bollenback, locc. cit.). 

The double bonds in the ketones (VII) and (XIV) could not be placed unequivocally 
on spectral evidence alone; however the supposed presence of the cross-conjugated system 
in (XIV) was proved during experiments designed to detect the precise juncture at which 
conjugation had occurred in the sequence of reactions arising from (VII). The possi- 
bility that the 9: 11-double bond had shifted only during hydrogenation would allow 
(VII) and (XIV) to be represented as stereoisomers at C;,); but this was refuted by the 
inertness of (XIV) towards perphthalic acid, for double bonds conjugated with carbonyl 
groups are known to be immune to epoxidation in these circumstances, whereas the 
 : 11-double bond is active (Fieser and Fieser, ‘‘ Natural Products related to Phenanthrene,”’ 
Reinhold Publ. Corpn. New York, 1949, p. 227; Djerassi, Martinez, and Rosenkranz, 
]. Org. Chem., 1951, 16, 1278; Budziarek, Hamlet, and Spring, /J., 1953, 778). Moreover 
the »resent evidence is upheld by the absorption of 1 mol. of the oxidant by the A®-7-ketone 
(VII), and by the reactivity of the nuclear double bonds in the crude mixture of stereoiso- 
meric unsaturated alcohols obtained by sodium borohydride reduction of the ketone 
group in (XIV). 

Although the structure of the levorotatory unsaturated ketone (IIa) is now well 
established, a dextrorotatory compound (IIe) with a similar structure has been described 
by Budziarek et al. (J., 1952, 2892), who prepared it by oxidising ergosteryl-D acetate 
({a2) with formic acid and hydrogen peroxide. Budziarek, Stevenson, and Spring (J., 
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1952, 4874) have now attributed the difference to stereoisomerism about Cig). Unfortunately 
the migration of the double bond in enolizing conditions frustrates direct methods of 
testing the relative stabilities of the isomers of (IIa) and (VII), and we therefore resorted 
to a study of the hydrogenation of (IIa). It slowly absorbed 2 mols. of hydrogen and 
yielded the stable isomer (in aqueous-alcoholic sodium hydroxide) of 38-acetoxyergostan- 
7-one (X). This evidence of the normal stereochemistry at Cg) in (IIa) is not conclusive, 
however, since the hydrogenation may involve a prior shift of the double bond to the 
8(9)- or 8(14)-position, as has been mentioned already, and accordingly a decision was 
sought by other means. 


Monoper- 
(IIa) 


Perphthalic acid oxidised (IIa) to 3f-acetoxy-9« : 1la-epoxyergost-22-en-7-one (XV), 
which Budziarek e¢ al. (J., 1952, 2892) and Anderson, Stevenson, and Spring (/., 1952, 
2901) prepared by oxidising their dextrorotatory isomer (IIe) with per-acid. A normal 
structure (88-hydrogen) for the epoxide (XV) is therefore indicated, but the evidence for 
the respective conformations of (IIa) and its isomer (IIe) is still indecisive. The molecular- 
rotation difference that accompanies the epoxidation of the 9 : 11-double bond is generally 
about —240° (cf. Heusser et al., loc. cit., 1952; Schoenewaldt et al., loc. cit.); in the con- 
version of (IIe) into the keto-oxide (XV) it is —470°, and in the present epoxidation of 
(IIa) to (XV) it is —130°. The change that involves isomerisation at Cg) is therefore not 
unequivocally disclosed by these results, but, as the levorotatory form (IIa) survived in 
formic acid and in view of the trend of the optical evidence, we tentatively assign to it 
the normal conformation, and by analogy we presume that in (VII) also the hydrogen 
atom at C;g) has the $-configuration. Budziarek and Spring (J., 1953, 956) have shown 
that the 8«-carbon-hydrogen bond in (XIIc) is inverted in hot acetic acid; such unstable 
stereoisomers would not therefore be expected from the present oxidations, so that the 
assumptions made on the stereochemistry of (IIa) and (VII) seem to be justified. The 
conformation of the 8a-steroids must include one boat-shaped ring, and their exceeding 
instability would undoubtedly be derived from the consequent strain. 

The work of Barton, Holness, Overton, and Rosenfelder (/J., 1952, 3751), Barnes 
and Barton (J., 1953, 1419), and Budziarek and Spring (loc. cit.) has shown that, although 
zinc dust reductions of conjugated unsaturated ketones probably involve initially cis- 
addition to the double bond, the abnormal configurations so generated in 7 : 11-diones 
of type (XII) invert in hot acetic acid to the trans-, and presumably normal, forms (with 
88- and 9«-hydrogen atoms). Further, alkaline isomerization of 38-acetoxy-1la-hydroxy- 
ergosta-8(9) : 22-dien-7-one produces (XIIa) (Budziarek et al., J., 1952, 2892; cf. Romo, 
Stork, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1952, 74, 2918). These seem 
good grounds for assuming that the zinc dust reduction of (VIII) in hot acetic acid yielded 
the normal form of (XI), which was then converted without inversion into (XIIa). 
Although the molecular-rotation differences for cis- and trans-hydrogenations of (IVa) 
can be calculated from the data provided by Budziarek and Spring (loc. cit.) and by 
Heusser e¢ al. (loc. cit., 1951), the optical evidence for the steric course of the hydrogenation 
of the 8: 9-double bond in (VIII) is ambiguous, presumably because of vicinal effects of 
the 5 : 6-double bond. 

The ultra-violet absorption of the A*®-7: 11-diketones ([Vc) and (IVd) was ex- 
ceptional; the maxima lay respectively at 263 and 265 mu (e 6550 and 6300), in contrast 
to those of other similarly disposed enediones of the steroid and lanosterol series, which 
occur at about 270 my (¢ 7500—10,000) (see, e.g., Heusser et al., loc. cit., 1951; Chamberlin 
et al., Fieser et al., Ruzicka et al., Voser et al., locc. cit.; Lahey and Strasser, J., 1951, 
873; Barton, Fawcett, and Thomas, tbid., p. 3147; McGhie, Pradhan, and Ross, J., 1953, 
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305). The simple s-irans-enedione, A%4-octalin-1 : 5-dione, also showed an absorption 
maximum at 263 mu, but with an extinction coefficient of 12,000 (Campbell and Harris, 
J. Amer. Chem. Soc., 1941, 63, 2721). The alternative explanation, that our products 
possess a AS(14)-7 ; 15-diketo-chromophore, was dismissed because of the ultra-violet 
absorption (Amax. 253 mz; e¢ 5000) and the whiteness of an archetype (XVI) of such a 
series (Stavely and Bollenback, loc. cit.; cf. Tschesche and Fugmann, Chem. Ber., 1951, 
84, 810; Barton, Fawcett, and Thomas, Joc. cit.). 

We believe that the influence of the 5«-hydroxy-group in weakening the absorption 
of the enedione chromophore in (IVc and d) and in shifting the maxima to unusually low 
wave-lengths can be explained in terms of a steric interference that deforms the chromophore 
and increases the energy content of the contributing resonance forms (cf. Maccoll, Quart. 
Reviews, 1947, 1, 16; Braude, Jones, Koch, Richardson, Sondheimer, and Toogood, /., 
1949, 1890; Henbest and Woods, J., 1952, 1150). Similar and probably cognate ab- 
normalities have been observed by Henbest (J., 1951, 1074) and Henbest, Jones, Wood, 
and Woods (J., 1952, 4894) in the ultra-violet absorption of «$-unsaturated ketones of 
the steroid and the f-ionone series, such compounds carrying an oxygen-containing 
substituent at the y-position. 

The 5a-hydroxy-groups in (I[Vc and d) also affect their infra-red spectra by shifting 
the carbonyl absorption towards the shorter wave-lengths that characterize the absorption 
of unconjugated ketones. Insofar as this evidence is reliable (since the spectra of Nujol 
mulls have to be studied for a complete comparison), it confirms the foregoing supposition 
that resonance in these chromophores is inhibited. Correspondingly the maxima in the 
ultra-violet and the infra-red spectra of the enediones (IVa), (IVd), and (VIII) fall at 
the longer wave-lengths that indicate uninhibited transitions in the vibrational states of 
the chromophores, and their absorptions are also more intense. 

The molecular-rotation differences marking the oxidation of the hydroxy-dienes (Ie 
and d) to the 5a-hydroxy-A%®-7 : 11-diketones ([Vd and c) (AMp = —470° and —449° 
respectively) also show the influence of the 5«-hydroxy-group on the A*®-7 : 11-diketone 
system, since they contrast remarkably with the changes that accompany the oxidation 
of (Ia) to (IVa) (AMp + 29°) and of (Id) to (IVb) (AMp + 28°), in which the effect is 
absent. 

The ultra-violet absorption (Amax. 246 my) of the cross-conjugated dienone (XIV) 
represents a resultant between the effects of the A5-7-keto- (Amax. 235 my) and the A%®-7- 
keto-chromophore (Amax. 253 mu), and incidentally comes near to the predicted absorption 
(Amax. 244 my) for the A5-7-keto-system (Fieser and Fieser, op. cit., p. 191). However, 
apart from our experience with the ketones (VII) (Amax, 234-5 my) and (XI) (Amax. 233 my), 
enough other examples have been recorded (by, e.g., Wintersteiner and Pfiffner J. Biol. 
Chem., 1936, 116, 291; Klyne, J., 1951, 3449; Romo, Rosenkranz and Djerassi J. Org. 
Chem., 1952, 17, 1414; Ralls, J. Amer. Chem. Soc., 1953, 75, 2123) to show that in fact 
the absorption of the last chromophore is distinguished by a maximum at a lower wave- 
length than this. The absorption of the cross-conjugated A!‘4-3-keto-steroids reproduces 
the behaviour of the A‘-3-keto-chromophore (Amax. 240 my), which absorbs more strongly 
and at a longer wave-length than the A!-3-keto-system (Amax. 230 my) (cf. Inhoffen, Ziihls- 
dorff and Huang-Minlon, Ber., 1940, 78, 451; Djerassi and Ryan, J]. Amer. Chem. Soc., 
1949, 71, 1000; Woodward and Singh, zbid., 1950, 72, 494). However, some examples 
in the santonin series (Clemo and Cocker, J., 1946, 30; Clemo and McQuillin, J., 1952, 
3835, 3839) and in the lanosterol series (Barton and Thomas, /., 1953, 1842), and our own 
findings with the steroid A*8®-ketones (in which the A*®)-7-keto-chromophore is the 
weaker), suggest that the absorption by the steroid A‘*-3-ketones does not typify the 
properties of cross-conjugated ketones, for, when the chromophoric component absorbing 
at the longer wave-length is the weaker, the single maximum in the absorption lies between 
the peaks that would distinguish the separate contributing chromophores. 

The low yields of recognizable products hinder attempts to explain the mechanism of 
these oxidations. Nevertheless it is significant that the unconjugated A®%-7-ketones 
frequently predominated and that compounds with the 11-keto-group have so far been 
found only as the A8®)-7 ; 11-diones. Hickinbottom and his co-workers (Byers and Hickin- 
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bottom, J., 1948, 1334; Hickinbottom and Wood, Nature, 1951, 168, 33; /., 1953, 1906; 
cf. Fieser and Fieser, of. cit., p. 227; ‘‘ Heterocyclic Compounds,” Vol. I, ed. Elderfield, 
Wiley, New York, 1950, p. 7; Dawson, Halsall, and Swayne /., 1953, 590) have shown that 
chromic acid epoxidizes some olefins, and an explanation of this type in the present instance 
would presumably implicate the 7 : 8-oxides, since the 9« : 1la-epoxides have been found 
to behave differently in the conditions we used. Assuming that such oxides arise by a 


4 fi 
| | ll 5 
A\Z as SV —> + 4 a" we, 


vi ae 
ff x 
A ( 
4 Horo, : 
H 


I 
‘OH e 
4 HCr0,- 


> JN vj > Jew Ht —_> 
ae 


rea 
4 


rearward attack by the hydroxylium ion (Fieser, Experientia, 1950, 6, 312), we can propose 

a mechanism of type (a) for the formation of the A®-7-ketones. Alternatively, in view 

of our present ignorance of the behaviour of such epoxides in these circumstances, we offer 

mechanism (bd). The preponderance of unconjugated enones, and especially the scarcity 

of their conjugated isomers in the experiments of Fieser e¢ al. (locc. cit.) and in our own 

experience, suggest that the A*®)-ene-7 : 11-diones may spring from the A®-7-ketones and 

not by “‘allylic”’ oxidation of the conjugated A%-7-ketones. We also tentatively discard 

a proposed synthesis from the A*®)-7 : 11-diols, which might arise by rearrangement of an 

intermediate epoxide (cf. Heusser et al., loc. cit., 1951; Schoenewaldt et al., loc. cit.; 

Budziarek, Hamlet, and Spring, Joc. cit.), because we were unable to isolate the products 

with the properties of the 8(9)-epoxy-7 : 1l-diketones that might be 

la ( (<¢) expected to accompany the enediones (since oxidation of the 8 : 9-double 

* ao bond would be expected in the diol only, and not in the fully conjug- 

. ated enedione). Unconjugated A®*-7-ketones with a normal configur- 

ation (88-hydrogen) would be expected to arise by mechanism (a). 

However, in view of the polarizability of the vinyl group, a sterically 

ambiguous sequence involving nucleophilic attack by the acetate ion at Cig), as repre- 
sented in (c), cannot be entirely discounted. 

The possibility that the oxidation of the unconjugated A®-7-ketones yields A®%-7 : 11- 
diones recalls the oxidation of methyl 19-oxo-olean-13(18)-enolate acetate to methyl 
12 : 19-dioxo-olean-13(18)-enolate acetate, for which Barton, Holness, Overton, and 
Rosenfelder (loc. cit.) proposed a mechanism that we have copied in (d) to explain the 
formation of the steroid A%®)-7 : 1l1-diketones (cf. Djerassi, Mancera, Velasco, Stork, and 
Rosenkranz, J. Amer. Chem. Soc., 1952, 74, 3321); the recent work of Fieser, Schneider, 
and Wei-Yuan Huang (loc. cit.) seems to corroborate such speculations. An explanation 


in 8 
we Of YY’ me +93 
/ Xo JO 
4+ Ht + CrO,? 


of the synthesis of such diketones by the terminal oxidation of s-trans-dienes of the ergosterol- 
D type is probably inapt, since the other recognizable products seem to arise mostly from 
the expected attack on vicinal carbon atoms in the transoid diene. 

Epoxidation of steroid A%-7-ketones and subsequent hydrolysis has been used as a 
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practicable means of generating substituted 11-keto-steroids suitable for the synthesis 
of cortical hormones (cf. Fieser, Wei-Yuan Huang, and Babcock, loc. cit., and the literature 
reviewed therein). Although these unconjugated enones were generally the most plentiful 
products of our oxidations, the yields were so low (less than 20°) as to nullify any advantage 
that might be gained, for example, by the use of the 5«-hydroxy-series of compounds in 
improving the synthesis of cortisone from allosteroids (cf. Bladon et al., J., 1952, 4883) 
Accordingly research on the present method of introducing oxygen-containing substituents 
into ring C was abandoned. 


EXPERIMENTAL 


In the sequel the phrase ‘‘ working up in the usual manner ’’ describes the following pro- 
cedure. The acetic acid solution of oxidation products was poured into ice and water (5 vols.), 
and the precipitate filtered off or separated centrifugally. It was dissolved in ether or chloro- 
form, washed twice with water, thrice with saturated sodium hydrogen carbonate solution, 
then with 0-5N-hydrochloric acid, and finally with water. The organic phase was dried 
MgSO,) and evaporated to dryness under reduced pressure, leaving the neutral fraction as 
the residue. The bicarbonate washings were acidified with hydrochloric acid, extracted with 
chloroform, and washed with water. Evaporation of the dried organic phase then gave the 
acidic fraction. 

The adsorbent used for chromatography was prepared as follows, unless otherwise stated. 
Spence Grade O alumina was stirred five times with 2Nn-acetic acid, and then washed with water 
until the pH of the washings exceeded 4:5. After three further washings with methanol the 
alumina was air-dried, and then activated at 180°/16 mm. for | hr. or at 100°/16 mm. for 5 hr. 
It was graded on the Brockmann scale by Williams’s method (‘‘ Introduction to Chromato- 
graphy,’’ Blackie, London, 1946, p. 13); the adsorbent used in this work was in Grade II, and 
when suspended in water it did not reduce the pH below 5. The chromatographic procedure 
copied the ‘‘ Durchlaufmethode ”’ described by Reichstein and Shoppee (Discuss. Faraday 
Soc., 1949, 7, 305). 

M. p.s were determined on a hot stage. Unless otherwise stated, optical rotations were 
determined on chloroform solutions in a 0-5-dm. micro-tube, ultra-violet spectra on ethanolic 
solutions, and infra-red spectra on Nujol mulls. A model S3 infra-red spectrophotometer 
with sodium chloride optics, made by Sir Howard Grubb, Parsons & Co., was used, initially 
as a single-beam instrument and later modified for use as a double-beam instrument. The 
structural assignments were based on those reported by Jones, Humphries, and Dobriner (/. 

Imer. Chem. Soc., 1950, 72, 956). Ultra-violet absorption at less than 220 my was measured 
in the special conditions described by Bladon, Henbest, and Wood (Chem. and Ind., 1951, 866; 
cf. Halsall, ibid., p. 867). 

The term “ light petroleum ’’ denotes the fractions of b. p. 40—60 

Oxidation of Ergosteryl-D Acetate (Ia).—The uptake of oxygen was followed titrimetrically : 
30 were consumed within 4 min., 40 within 9 min., and a total of 50 in 113 min. The 

«| of isolated steroid material dropped from an initial value of + 21° to —18° after 9 minutes’ 
oxidation, but did not change on further reaction. 

Ergosteryl-D acetate (2 g.; 4:6 x 10% mole) was dissolved in ‘‘ AnalaR’”’ acetic acid 
(30 ml.) and alcohol-free chloroform (10 ml.) at 80°, and added to a solution of sodium dichromate 
dihydrate (4-8 g.; 1-61 x 10 mole) in acetic acid (30 ml.), also at 80°. The solution was 
kept at this temperature and stirred for 10 min.; methanol (3 ml.) was then added to reduce 
the remaining oxidant, and the solution was added to iced water (2 1.). The products from 
three more oxidations of this type were added to the same iced water, and the total solid was 
filtered off and worked up in the usual manner. Neutral (8-08 g.) and acidic fractions (0-182 
g.) were obtained thereby. The latter was rejected. 

The neutral fraction was chromatographed on alumina. Benzene-light petroleum eluted 
a fraction which, after three crystallisations from methanol, yielded prisms (403 mg.), m. p. 
171—175° (subliming unchanged at 145—155°/10° mm.), [«]#? —55° (c, 0°47), Amax, 212 my 
(c 1540; c, 0-042), of 38-acetoxyergosta-9 : 22-dien-7-one (IIa), vax, 1736 and 1236 (acetate), 
1715 (ketone), 1642 and 970 (tvans-1 : 2-disubstituted ethylene), and 815 cm.-! (trisubstituted 
ethylene) in CS, (Found: C, 79-5; H, 10-4. Calc. for C,,.H,,0,: C, 79:2; H, 10-2%). Heusser 
et al. (loc. cit., 1952) give m. p. 176—177°, [a] —58°. The ketone (0-5 g.) was recovered 
quantitatively after being shaken in benzene (10 ml.) with formic acid (10 ml.) for 20 hr. No 
other distinct fraction could be discerned among the eluates from the alumina columns, of which 
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all except one (which was yellow) were levorotatory, and several possessed absorption maxima 
in the ultra-violet between 253 and 262 mu. 

Oxidation of 38-Acetoxy-22 : 23-dibromoergosta-7 : 9-diene (Ib).—The dibromo-diene (2-0 g.) 
was dissolved in acetic acid (10 ml.) and chloroform (10 ml.), and the solution was added to 
sodium dichromate dihydrate (3-52 g.), dissolved in acetic acid (25 ml.) at 80°. The oxidation 
and working up were performed in the usual manner. The acid material (14 mg.) was rejected, 
and the neutral part (1-98 g.) resolved into fractions on alumina. The first fraction (133 mg.), 
eluted with benzene-light petroleum (3: 7), crystallised from ethyl acetate as rhombs (44 mg.) 
of 38-acetoxy-22 : 23-dibromoergost-9-en-7-one (IIb), m. p. 235—236°, [x]# —19° (c, 0-94), Amax. 
206 mu (e 3620; c, 0-025), vmax, 1735 and 1240 (acetate), and 1715 cm. (ketone) (Found: C, 
58:3; H, 7-4; Br, 25-5. Cg9H,gO,Br, requires C, 58-6; H, 7-5; Br, 26-0%). 

The second fraction (61 mg.) was eluted with benzene-light petroleum (3 : 1), and crystallised 
thrice from methanol and ethyl acetate as rhombs (15 mg.) of 36-acetoxy-22 : 23-dibromo- 
ergost-8(9)-en-7-one (IIIb), m. p. 236—238°, [a]? —24° (c, 0-86), Amax, 253 my (¢ 9200), vax 
1735 and 1240 (acetate), and 1680 and 1590 cm. («@-unsaturated ketone). Budziarek, 
Johnson, and Spring (/oc. cit.) give m. p. 241—242°, [a]p —29°, Amax, 252 my (e 10,000). 

The third fraction (300 mg.), eluted with benzene, was crystallised thrice from ethyl acetate 
as yellow rhombs (155 mg.) of 38-acetoxy-22 : 23-dibromoergost-8(9)-ene-7 : 11-dione (IVb), 
m. p. 248—252° (slight decomp.), [x]? + 25° (c, 0°84), Amax. 268 my (e 8750), Vmax, 1735 and 1250 
(acetate), 1685 and 1590 cm. (-CO*C:C-CO-) (the band at 1685 cm.! had twice the usual 
intensity, indicating two keto-groups in conjugation with one double bond) (Found: C, 57-6; 
H, 7:2; Br, 25-25. Calc. for C39)H,,O,Br,: C, 57-3; H, 7-05; Br, 25-4%). Budziarek et al. 
(locc. cit.) have described this compound, with, for example, the following physical properties : 
m. p. 257—259°, [a]p +30°, Amax, 270 my (e 9600). 

Oxidation of 38 : 5a-Diacetoxyergosta-7 : 9 : 22-triene (Ic).—38 : 5a-Diacetoxyergosta-7 : 9 : 22- 
triene (5 g.; Bladon et al., J., 1952, 4883), dissolved in acetic acid (100 ml.), was added to 
sodium dichromate dihydrate (8-8 g.) in acetic acid (50 ml.) at 80°. Oxidation and working 
up were performed in the usual manner. The acidic fraction (120 mg.) was discarded, and the 
crude neutral part (4:94 g.) of the product was resolved into two components by chromato- 
graphy on alumina. The first (760 mg.), eluted with benzene—light petroleum (4 : 6), occurred 
after the third crystallisation from methanol, as colourless prisms (249 mg.) of 38-acetoxyergosta- 
5:9: 22-trien-7-one * (VII), m. p. 169—172°, [a]? —96° (c, 1-86), Amax, 234°5 (e 12,800) and 
212 my (e 7400; c, 0-020), vax, 1740 and 1240 (acetate), 1680 («8-unsaturated ketone), 970 
(tvans-1 : 2-disubstituted ethylene), and 816 cm.~! (trisubstituted ethylene) in CS, (Found: 
C, 79-9; H, 9-8. Calc. for Cy9H,,0,: C, 79-6; H, 98%). This material gave an orange pre- 
cipitate when treated with Brady’s reagent. 

The second fraction (889 mg.) was eluted with benzene—light petroleum (1: 1), and crystal- 
lised three times from methanol. The final product was 38-acetoryergosta-5 : 8(9) : 22-triene- 
7: 1l-dione (VIII) (312 mg.), obtained as feathery yellow needles, m. p. 129°, [a]p +51° (c, 
0-98), Amax. 270 (¢ 13,700) and 205 my (ec 16,700), vax. 1735 and 1240 (acetate), 1660, 1635, and 
1585 (-CO:C:C°CO-) (the band at 1660 cm. had twice the usual intensity, indicating two 
keto-groups in conjugation with one double bond), and 969 cm.*} (trams-1 : 2-disubstituted 
ethylene) (Found: C, 77-5; H, 9-1. Cj 9H,4,O, requires C, 77-2; H, 9:1%). The compound 
gave an orange precipitate with Brady’s reagent. 

Oxidation of 3-Acetoxyergosta-7 : 9: 22-trien-5a-ol (Id)—The hydroxy-triene (2-27 g.; 
Bladon ef al., J., 1952, 4883) was dissolved in ‘‘ AnalaR”’ acetic acid (100 ml.), and sodium 
dichromate dihydrate (3-5 g.) was added during 10 min. The solution became olive-green, 
and the temperature rose, but was kept below 35°; thereafter the mixture was shaken at room 
temperature for 18 hr. and worked up in the usual manner. The acidic fraction (0-22 g.) was 
rejected, and the neutral part chromatographed on alumina. Benzene eluted material (23 
mg.) that crystallised from methanol as colourless prisms (17 mg.), m. p. 121—122°, [a]? +55 
(c, 1-48), with no appreciable absorption between 220 and 350 my, Amax, 207 my (E]%, 145). 
This appears to be impure 38-acetoxy-5«-hydroxyergosta-9 : 22-dien-7-one. 

The second distinct fraction (53 mg.), eluted mainly with ether, was crystallised four times 
from methanol, from which yellow prisms (13 mg.) of 38-acetoxy-5a-hydroxyergosta-8(9) : 22- 
diene-7 : 11-dione (IVc) separated, having m. p. 185—195°, [a|#* —46° (c, 1-30), Amex, 263 my 
(c 6560), Vmax, 3400 (hydroxyl), 1735 and 1240 (acetate), 1700, 1670, and 1600 (-CO-C:C-CO-), 
and 966 cm." (tvans-1 : 2-disubstituted ethylene) (Found: C, 74-1; H, 9-3. C3 9H,,O; requires 

* Burke, Turnbull, and Wilson (/., 1953, 3237) give m. p. 171—172°, [alp —112°, Amax, 235 my 
(c 13,300), rinax, at 1726, 1668, and 1600 cm.~! (in CHCI,). 
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C, 74:3; H, 9-15%). This material gave no colour with ferric chloride. After being treated 
for 8 hr. with Brady’s reagent it yielded a red dinitvophenylhydvazone that crystallised from 
acetic acid as red needles, m. p. 222—224°, Amax, 415 my (e 34,000 in CHCI,), which we believe 
to be 7-(2: 4-dinitrophenylhydrazono)ergosta-3 : 5 : 8(9) : 22-tetraen-ll-one (Found: N, 9-7. 
C,,H4,0;N, requires N, 9-55%). 

No other purifiable material could be obtained by chromatography of the oxidation products, 

When this oxidation was performed by Windaus’s method (loc. cit.) the yield of acidic 
material was slightly greater; when the method used for the oxidation of ergosteryl-D acetate 
was employed, the yield of neutral products was slightly enhanced at the expense of the acid 
material. These acidic products could not be purified as their methyl esters (prepared by 
diazomethane) on alumina; samples of the eluate possessed no resolved absorption in the 
250-—260 my region, but gave red dinitrophenylhydrazones that separated slowly from Brady’s 
reagent. The unesterified products were steam-distilled to remove aliphatic acids, and titration 
of the residues showed that the steroid skeleton had not been disrupted. Exploratory attempts 
to resolve this mixture by paper partition chromatography (cf. Gore, Chem. and Ind., 1951, 
479; Long, Quayle, and Stedman, J., 1951, 2197) failed. 

38-A cetoxy-5a-hydroxyergost-8(9)-ene-7 : 11-dione (IVd) (with Dr. D. E. HatHway and Mr. 
L. STEPHENSON) (cf. Fieser, Schneider, and Wei-Yuan Huang, /oc. cit.)—A solution of 38- 
acetoxyergosta-7 : 9(11)-dien-5«-ol (Ie) (0-912 g.; Bladon e¢ al., J., 1952, 4883) in ¢ert.-butanol 
55 ml.) and water (5 ml.) was treated with recrystallised N-bromosuccinimide (0-960 g., 2-4 
equivs.) and glacial acetic acid (0-5 ml.). After 16 hr. an aqueous solution of silver nitrate 
(0-94 g.) was added, and after 3 hours’ digestion the precipitated silver bromide was filtered off, 
and the filtrate evaporated under nitrogen at reduced pressure. Carbon tetrachloride (100 ml.) 
was added, and the insoluble succinimide was filtered off. The filtrate was water-washed, 
dried (MgSO,), filtered, and evaporated to dryness at reduced pressure. The residue, a pale 
yellow oil, was dissolved in chloroform—acetic acid (7: 10; 8-5 ml.), and treated with ‘“‘ AnalaR ”’ 
chromium trioxide (0-5 g.) in acetic acid (4-5 ml.), containing water (0-5 ml.). The mixture 
was left at room temperature for 16 hr., after which the solvents were removed under reduced 
pressure and the residue was triturated with water. The steroid was separated centrifugally 
from the wash-liquor, and after several triturations the clean dry precipitate (1 g.) was chromato- 
graphed on Grade O alumina. The ether-acetone (3:1) eluate afforded a residue (200 mg.), 
from which 38-acetory-5a-hydroxyergost-8(9)-ene-7 : 1l-dione (IVd) (95 mg.) was obtained as 
yellow needles, m. p. 175—176°, [a]#? —38° (c, 0-26), Amax. 265 my (ec 6300), Vmax. (Single beam) 
3600 (hydroxyl), 1725 and 1240 (acetate), 1700, and 1668 cm. («$-unsaturated ketone) in CS, 
(ound: C, 73-9; H, 9-65. C 9H 0; requires C, 74:0; H, 9:5%). This compound afforded 
a red precipitate with Brady’s reagent. 

38-A cetoxyergost-9-en-7-one (IId).—(a) 38-Acetoxyergosta-5 : 9: 22-trien-7-one (VII) (67 
mg.) was hydrogenated at room temperature and pressure in the presence of prereduced 3% 
palladium-—charcoal (30 mg.) in acetic acid (5 ml.). The hydrogen uptake corresponded to 
2 mols. after 70 min., whereupon the catalyst was filtered off and the solvent removed under 
reduced pressure. The residue (55 mg.) crystallised from methanol as leaflets (34 mg.), m. p. 
143—145°, [a]#* —19° (c, 1-34), identified by their infra-red spectrum and mixed m. p. with 
a sample of ketone (IId), as prepared in (b) below. 

(b) 38-Acetoxyergosta-9 : 22-dien-7-one (IIa) (88 mg.) was hydrogenated as in (a) above. 
Hydrogen (1 mol.) was taken up in 70 min., and the previous isolation procedure yielded leaflets 
(40 mg.), m. p. 145—146°, [a]? —17° (c, 1-24), Amay 212 mp (c 1950; c, 0-044), of 38-acetory- 
ergost-9-en-7-one (IId), Vmax. 1730 and 1235 (acetate), 1720 (ketone), and 813 cm."! (trisubstituted 
ethylene) in CS, (Found: C, 79-1; H, 10-6. CC, 9H,,O0, requires C, 78-9; H, 10-6%). 

38-A cetoxyergostan-7-one (X).—38-Acetoxyergosta-9 : 22-dien-7-one (IIa) (1 g.) was dis- 
solved in ethyl acetate (35 ml.), and added to ‘‘ AnalaR ”’ acetic acid (10 ml.) in which reduced 
4% palladium-charcoal (1 g.) was suspended. Hydrogenation at room temperature and 
pressure saturated one double bond in 20 min., but the uptake of another mol. took 8hr. (There 
was then no sharp end of the hydrogenation.) The product (0-97 g.) was isolated as in the 
foregoing experiments, and crystallised from methanol as plates (0-39 g.), m. p. 168—171°. 
Two further crystallisations were required to raise their m. p. to 178—179°. This material 
is 38-acetoxyergostan-7-one (X) (0-24 g.), [x]? —36° (c, 0-9), vmax. 1734 and 1236 (acetate), 
and 1712 cm. (ketone) in CS, (Found: C, 78-35; H, 10-75. Calc. for CygH; 90,: C, 78-55; 
H, 11:0%). Stavely and Bollenback (loc. cit.) give m. p. 183—184°, [a]) —36°. This material 
was recovered after alkaline treatment that isomerized (IIa) to its conjugated isomer 
(IIIa). 
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38-A celoxyergosta-5 : 22-diene-7 : 11-dione (XI).—3-Acetoxyergosta-5 : 8(9) : 22-triene-7 : 11- 
dione (VIII) (191 mg.) was dissolved in ‘‘ AnalaR’’ acetic acid (20 ml.), the solution being 
refluxed with stirring while zinc dust (2 g.) was added portionwise during 1-5 hr. The solids 
were then filtered off, and the filtrate was diluted with ether (250 ml.). The ethereal solution 
was water-washed, dried (MgSO,), filtered, and evaporated to a solid residue (162 mg.), which 
crystallised from methanol as prisms (145 mg.), m. p. 190°, [«]# —82° (c, 1-10), Amax, 233 my 
(< 10,300), of 38-acetoxyergosta-5 : 22-diene-7 : 11-dione (XI), Vmax, 1735 and 1240 (acetate), 
1720 (ketone), 1675 and 1600 («8-unsaturated ketone), and 1640 and 968 cm. (tvans-1 : 2- 
disubstituted ethylene) (Found: C, 77-0; H, 9:3. C39H,,O, requires C, 76-9; H, 9-5%). 

38-A cetoxyergostane-7 : 1l-dione (XIIb).—(a) 3-Acetoxyergosta-5 : 22-diene-7 : 11-dione 
(XI) (134 mg.) was hydrogenated at room temperature and pressure in acetic acid (10 ml.) in 
the presence of pre-reduced 3% palladium-—charcoal (150 mg.). In 120 min. the hydrogen 
uptake (2 mols.) was complete. The filtered solution was evaporated to a solid residue (130 
mg.), which crystallised from methanol in needles (105 mg.), m. p. 175—178°. Sublimation 
of these at 170°/10-* mm. yielded colourless needles, m. p. 189—192°, [a]? —9° (c, 2-5) of the 
diketone (XIIb), identified by mixed m. p. determination and by its infra-red spectra in Nujol 
and CS, with the product obtained in the next experiment. 

(o) A solution of 38-acetoxyergost-22-ene-7 : 1l-dione (XIIa) (375 mg.; Heusser e ai., 
loc. cit., 1951) in acetic acid (10 ml.) and ether (10 ml.) containing reduced 3% palladium— 
charcoal (300 mg.) was hydrogenated at room temperature and pressure. Hydrogen (1 mol.) 
was taken up in 70 min., and the material was worked up as in (a). Needles, m. p. 192—193°, 
[a]? —8° (c, 3-0), Amax, 296 my (e 695), of 38-acetoxyergostane-7 : 11-dione (XIIb) were obtained, 
unchanged by sublimation, with v,,,. (sublimed material) at 1735 and 1240 (acetate), and 
1715 cm. (ketone) in CS, (Found: C, 76-1; H, 10-0. Cj 9H,,O, requires C, 76-2; H, 10-2%). 
This compound gave a yellow derivative with Johnson’s dinitrophenylhydrazine reagent (/. 
Amer. Chem. Soc., 1951, 78, 5888). The dione (XIIa) was recovered after alkaline treatment 
that isomerized (IIa) to its conjugated ketone (IIIa). 

Conjugation of the Double Bond in 38-Acetoxyergosta-9 : 22-dien-7-one (IIa). 3-Acetoxy- 
ergosta-8(9) : 22-dien-7-one (IIIa).—(a) To the above dienone (287 mg.) in ‘‘ AnalaR”’ acetic 
acid (6-5 ml.) N-perchloric acid in acetic acid (6-5 mJ.) was added. After 3-5 hr. in the dark 
a pink tint had developed, and an aqueous solution of potassium acetate was added, and then 
water. The precipitate (0-28 g.) was filtered off, and crystallised from methanol—chloroform 
as prisms (180 mg.) of 38-acetoxyergosta-8(9) : 22-dien-7-one (IIIa), m. p. 209—213°, [aJif 
— 56° (c, 1-04), Amax, 253 my (e 9400), v,,,, 1740 and 1237 (acetate), 1669 («8-unsaturated ketone), 
and 970 cm. (tvans-1 : 2-disubstituted ethylene) in CS,. These data confirm the identity 
with known samples, for which Budziarek, Johnson, and Spring (/oc. cit.) give m. p. 209—211°, 
[%]p —56°, Amax, 252 my (e 10,000). This compound has also been described by Stavely and 
Bollenback (locc. cit.), by Heusser e# al. (Joc. cit., 1951), and by Anliker e¢ al. (loc. cit.). 

(b) A solution of the ketone (IIa) (119 mg.) in alcohol (30 ml.), to which 10% sodium 
hydroxide solution (1 ml.) had been added, was kept under nitrogen for 8 hr., then acidified 
and diluted with water. The crude dry precipitate was acetylated overnight at room tem- 
perature with acetic anhydride (5 ml.) and pyridine (5 ml.), and the residue then obtained by 
evaporation yielded the enone (IIIa) (57 mg.), identical with the material described in (a). 

(c) The ketone (IIa) (1 g.) was chromatographed on Grade O alumina (50 g.). Benzene— 
light petroleum (1:3) eluted the unchanged ketone (IIa) (0-6 g.). Subsequent elution with 
solvents richer in benzene eluted material (0-4 g.) that on crystallisation from methanol yielded 
the pure enone (IIIa) (0-23 g.), identified with the foregoing products. 

Conjugation of the Double Bond in 38-Acetoxyergosta-5 ; 9 : 22-trien-7-one (VII). 38-Acetoxy- 
ergosta-5 : 8(9) : 22-trien-7-one (XIV).—A solution of the trienone (VII) (100 mg.) in ethanol 
(20 ml.) was treated with 30% potassium hydroxide solution (0-3 ml.), and set aside at room 
temperature under nitrogen. During 1 hr. the optical rotation of the solution successively 
decreased and increased, and then stayed constant. Steroid material was isolated by acidifying 
the solution and extracting it with ether. Evaporation of the water-washed and dried (MgSO,) 
ethereal solution left a residue, which was acetylated in acetic anhydride (5 ml.) and pure 
pyridine (5 ml.) for 15 hr. This solution was evaporated, and the residue separated from 
methanol as shapeless white crystals (65 mg.) of 38-acetoxyergosta-5 : 8(9) : 22-trien-7-one * (XIV), 
m. p. 197—203°. Sublimation at 160—175°/10 mm. yielded an analytical sample (24 mg.), 


* Burke, Turnbull, and Wilson (/oc. cit.) give m. p. 193—194°, [a]p —21°, Amax. 245 my (e, 11,300) for 
this compound. 
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m. p. 199—204°, [a]# —32° (c, 0-88), Amax, 245 my (¢ 11,800), Vmax, at 1738 and 1235 (acetate), 
1658 and 1628 («$-unsaturated ketone), and 967 cm.-} (trans-1 : 2-disubstituted ethylene) in 
CS,, and at 1670, 1635, and 1600 (*CO-C:C-CO-) and 1730 and 1240, and 966 cm.+ in Nujol 
(Found: C, 79-6; H, 9-95. C3,H,,O; requires C, 79-6; H, 9°8%). This compound readily 
gave a red precipitate with Brady’s reagent, and a yellow colour with tetranitromethane. 

This cross-conjugated ketone (XIV) was recovered quantitatively after treatment for 4 days 
at 0° with 0:24N-monoperphthalic acid (4 mols.). The crude mixture of stereoisomeric alcohols 
obtained by reduction of the ketone with sodium borohydride took up 0-75 mol. of active 
oxygen in such conditions. Chromic acid oxidation of the product yielded material lacking 
significant absorption in the ultra-violet between 220 and 350 mu. 

Hydrogenation of 38-Acetoxyergosta-5 : 8(9) : 22-trien-7-one (XIV).—(a) 38-Acetoxyergostan- 
7-one (X). A solution of the ketone (XIV) (1 g.) in ethyl acetate—acetic acid (4:1; 50 ml.) 
was shaken with reduced 4% palladium-—charcoal (1 g.) under hydrogen. Hydrogenation 
ceased after an uptake of 3 mols. (90 min.). The product was crystallised from methanol, 
giving the saturated 7-ketone (X) (0-3 g.) as plates, m. p. 178—180°, [a]? —36° (c, 1-0), 
identified by mixed m. p. determinations, and by a comparison of the infra-red spectra with 
those of specimens of this ketone obtained previously in this work. 

(b) 38-Acetoxyergost-8(9)-en-7-one (IIIc). (i) The trienone (XIV) (500 mg.) in ethyl acetate 
(100 ml.) was hydrogenated in the presence of Raney nickel (Pavlic and Adkins, J. Amer. 
Chem. Soc., 1946, 68, 1471; 1 ml.) until 2-2 mols. of hydrogen had been absorbed. Crystal- 
lisation of the product from methanol gave 38-acetoxyergost-8(9)-en-7-one (IIIc) (120 mg.) as 
needles, m. p. 180—186°, [x]p —43°, Amax. 254 my (e 9400). Further purification was achieved 
by chromatography on charcoal (Sutcliffe and Speakman No. 5; 15 g.); elution with benzene— 
ether (3: 1) and ether, and subsequent crystallisation from methanol, yielded the pure ketone 
as needles, m. p. 184—188°, [a]?? —41° (c, 1-0), Amax. 253 my (e 10,000), vmax, at 1735 and 1237 
(acetate), and 1666 cm.“ (a#8-unsaturated ketone) in CS, (Found: C, 79-05; H, 10-5. Cs39H,,O, 
requires C, 78-9; H, 10-6%). 

The hydrogenation appeared to be less selective in the presence of 4% palladium—charcoal ; 
on purification the enone (IIIc) was obtained in only 5% yield with m. p. 165—170°, [a]p 
—42°, Amax, 254 my (e 9100). 

(ii) A solution of 38-acetoxyergosta-8(9) : 22-dien-7-one (IIIa) (500 mg.) in ethyl acetate 
(50 ml.) was shaken with pre-reduced 4% palladium-—charcoal (100 mg.) under hydrogen until 
1 mol. was absorbed. Crystallisation of the product several times from methanol gave the 
ketone (IIIc) as needles, m. p. 189—190°, [a] —40° (c, 1-0), Amax, 254 my (e 9100) (Found: C, 
79-0; H, 10-55%). The compound was identified by mixed m. p. determination and infra-red 
spectroscopy with a specimen prepared as in (i). 

38-A cetoxy-9x : 1la-epoxyergost-22-en-7-one (XV).—38 - Acetoxyergosta - 9 : 22 - dien - 7 - one 
(IIa) (0-415 g.), dissolved in chloroform (50 ml.), was treated with 0-263N-ethereal mono- 
perphthalic acid (9 ml.; 1-3 equiv.) at 0°. After a day crystals of phthalic acid had separated, 
and the solution was decanted, washed with water, and dried (MgSO,). The filtered solution 
was evaporated to a residue (0-42 g.) that separated from ethyl acetate as a gel, m. p. 216— 
218°; a solution of this material in ethyl acetate again yielded on cooling a gel (0-137 g.) of 
36-acetoxy-9« : 1la-epoxyergost-22-en-7-one (XV), m. p. 216—218°, [a]}? —81° (c, 1-04), with 
no strong absorption between 220 and 350 mu, but with v,,,, at 1738 and 1240 (acetate), 1720 
(ketone), 1294 and 896 (epoxide), and 968 cm." (trans-1 : 2-disubstituted ethylene) (Found : 
C, 76-6; H, 9-7. Calc. for C,)H,,O,: C, 76-55; H, 9-85%). This compound was identified 
by mixed m. p. and comparison of the infra-red spectra with an authentic sample, prepared 
by the method of Budziarek ef al. (J., 1952, 2892), who give m. p. 220—223°, [a]p —85°. 

The same product was obtained by oxidation with 30% hydrogen peroxide (1 ml.) of the 
ketone (IIa) (1 g.) in benzene (10 ml.) mixed with formic acid (10 ml.). The mixture was 
shaken for 20 hr., and yielded the keto-oxide (XV) (0:49 g.) on working up (cf. Budziarek et 
al., loc. cit.) 

In connexion with the work reported in this and the next paper the authors thank Dr. J. E. 
Page for obtaining and interpreting the infra-red spectra and Miss H. King for the micro- 
analyses; they also gratefully acknowledge the expert technical assistance of Mr. G. F. H. 
Green. 
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Studies in the Synthesis of Cortisone. Part V.* Acid Rearrangement of 
9a: lla-Hpoxy-A’-steroids having Hydroxy- or Acetoxy-growps at Cg). 
By J. Erxs, R. M. Evans, J. F. Oucuton, and G. H. THomas. 

[Reprint Order No. 4645.] 


Treatment of 38: 5a-diacetoxy-9« : 1la-epoxyergosta-7 : 22-diene (Ia) 
with aqueous sulphuric acid gives the 7-oxo-A®)-compound (IIIa). On 
adsorption of this By-unsaturated ketone on alumina, the acetoxy-group at 
C,;) is eliminated, giving either the 7-oxo-A5‘*)-compound (V) or the 7-oxo- 
A®‘8®_compound (VI), according to the kind of alumina used. The 9«: ll«- 
epoxy-A?-compounds (Ib and c) also yield the corresponding 7-oxo0-A%- 
compounds on acid treatment. 


OnE of the more practicable methods of synthesising 11-keto-5«-steroids from 9 : lla- 
epoxy-A?-compounds involves, as the first stage, acid rearrangement of the epoxide to 
the 7: 11-dihydroxy-A%®-compound (Heusser, Eichenberger, Kurath, Dallenbach, and 
Jeger, Helv. Chim. Acta, 1951, 34, 2106; Chamberlin, Ruyle, Erickson, Chemerda, Aliminosa, 
Erickson, Sita, and Tishler, J. Amer. Chem. Soc., 1951, 78, 2396; cf. also, Heusser, 
Heusler, Eichenberger, Honegger, and Jeger, Helv. Chim. Acta, 1952, 35, 295; Budziarek, 
Hamlet, and Spring, J., 1953, 778). The present work was undertaken to assess the useful- 
ness of this approach when applied to compounds having hydroxy- or acetoxy-substituents 
at C;,), since these groups should be of value in the eventual formation of the 3-keto-A*- 
system of cortisone. 


IS 
RR” 
(11) 
Series (2): R = C,H,,, R’ = Ac, R” 
Series (6): RK = CoH,,, R’ = H, R” = : 
Series (c): R = CHMe-CO,Me, R’ Ac, R” OH. 


The epoxide (Ia) was unaffected by aqueous sulphuric acid under the conditions that 
were found by Heusser e¢ al. (loc. cit., p. 2106) to convert 38-acetoxy-9« : 11«-epoxyergosta- 
7:22-diene (I; R=(C,H,,, R’= Ac, R’ =H) rapidly into 3-acetoxy-7é : lla«- 
dihydroxyergosta-8(9) : 22-diene (II; R = C,H,,, R’ = Ac, R’ =H). A similar slow- 
ness in reaction of (Ia), compared with the corresponding epoxide in the 5-hydrogen series, 
has been observed in connection with the boron trifluoride rearrangement of these com- 
pounds and may be attributed to steric interference of the 5-acetoxy-group (Part I, /., 
1953, 2921). When the acid rearrangement was followed polarimetrically, it was observed 
that stronger acid (0-67N-sulphuric acid as against a 0-3N-solution used by Heusser et al.) 
caused the rotation of the solution to drop steadily from that of the epoxide ({«]p +50°) 
to about [«]p —15° and to remain at this value for at least 16 hours (Fig., A). This 
behaviour may be contrasted with that of 38-acetoxy-9« : 1la-epoxyergosta-7 : 22-diene, 
the rotation of whose solution increased in a few minutes from [«]p —39° toa maximum 
(about [«]p +50°), corresponding to complete formation of the 7€ : 1l«-di-hydroxy-A*®- 
compound, and then slowly dropped in value (eventually becoming negative) as the diol 
itself underwent rearrangement (Fig., B). 

The difference in the course of the two reactions became further apparent when the 
product of acid rearrangement of (Ia) was worked up after the rotation of the solution 
had reached its minimum value. Since chromatography on alumina caused further 
changes (see below), the crude product was separated into its components on a charcoal 


* Part IV, preceding paper. 
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column. Two pure compounds were isolated by this means, both of them isomeric with 
the original epoxide; there was no evidence of the presence of the required diol (IIa). 
The minor, more strongly adsorbed component showed a maximum in the ultra-violet at 
255 my and readily formed a 2 : 4-dinitrophenylhydrazone, consistently with its formulation 
as 38 : 5a-diacetoxyergosta-8(9) : 22-dien-7-one (IVa). 

The major product of the acid rearrangement is formulated as 36 : 5a-diacetoxy- 
ergosta-9 : 22-dien-7-one (IIIa). This is supported by its ultra-violet spectrum, which 
showed no strong absorption above 220 my, by a ketone band at 1724 cm." in the infra- 
red spectrum, and by formation of a 2: 4-dinitrophenylhydrazone. The displacement of 
the ketone band from its usual position at 1710 cm.~ is perhaps due to the 5-acetoxy-group. 


a 


Rotation changes during rearrangement of 9a: 1la- 
epoxy-A’-compounds. 

A, 38 : 5a-Diacetoxy-9a : lla-epoxyergosta-7 : 22-diene 
(Ia) with 0-67N-sulphuric acid in aqueous dioxan. 

B, 3B-Acetoxy-9a : lla-epoxyergosta-7 : 22-diene with 
0-3N-sulphuric acid in aqueous dioxan. 

C, Methyl 3B-acetoxy-9a: lla-epoxy-5a-hydroxybisnor- 
allochol-7-enoate (Ic) with 0-3N-sulphuric acid in 
aqueous dioxan. 


‘oo . Sel as 
70 20 30 40 50 60 70 
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Further evidence that the compound has formula (IIIa) is provided by its conversion 
under very mild conditions into the ketones (V) and (VI), whose structures have been 
established (see the preceding paper). Thus, chromatography of (IIIa) on acetic acid- 
washed alumina gave 38-acetoxyergosta-5 : 9(11) : 22-trien-7-one (V), a compound obtained 
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earlier by chromatography of the product of chromic acid oxidation of 38 : 5«-diacetoxy- 
ergosta-7 : 9(11) : 22-triene (preceding paper). Consistently with the ease with which 
(V) is known to isomerise to 38-acetoxyergosta-5 : 8(9) : 22-trien-7-one (VI) on mild 
treatment with alkali, the cross-conjugated ketone was the main product obtained by 
adsorption of (IIIa) on untreated grade 0 alumina. A minor product eluted from this 
column was a strongly levorotatory compound : its analysis indicated that both acetoxy- 
groups had been eliminated and we have provisionally formulated it as ergosta- 
3: 5: 8(9) : 22-tetraen-7-one (VII); the maximum at 272 my in its ultra-violet spectrum 
lies between those of the individual chromophores of the cross-conjugated system (280 mu 
for the 7-oxo-A*:5- and 253 my for the 7-oxo-A%®-system) (cf. preceding paper). The 
7-oxo-5 : 8(9) : 22-triene (VI) was more conveniently obtained by treatment of (IIIa) 
with ethanolic potassium hydroxide and subsequent reacetylation. 

The formation of (IIIa) and (IVa) has its parallel in the 5«-hydrogen series. Thus, 
Heusser et al. (loc. cit., p. 2106) showed that, whereas treatment of 38-acetoxy-9« : 1la- 
epoxyergosta-7 : 22-diene (I; R = C,H,,, R’ = Ac, R” = H) with 0-3n-sulphuric acid 
for a few minutes gave the 7 : 11-dihydroxy-A®%)-compound (II; R = C,H,,, R’ = Ac, 
R’’ = H), prolonged treatment with very dilute sulphuric acid yielded the «$-unsaturated 
ketone (IV; R= C,H,,, R’ = Ac, R’ =H). Schoenewaldt, Turnbull, Chamberlin, 
Reinhold, Erickson, Ruyle, Chemerda, and Tishler (J. Amer. Chem. Soc., 1952, 74, 2696) 
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moreover were able to obtain either the #y-unsaturated ketone (III) or the «$-unsaturated 
ketone (IV) from the epoxide (I; R = C,H,,;, R’ = R” = H) by using sulphuric acid 
under appropriate conditions (cf. also Budziarek, Johnson, and Spring, J., 1952, 3410). 
It is, then, apparent that the acid-catalysed rearrangement of epoxides of type (I) is 
complex and that the outcome is dependent upon the precise reaction conditions and upon 
the structure of the starting material. It is believed that the isomerisation proceeds as 
shown below. Some evidence that the 7 : 11-dihydroxy-A*%®)-compound is an intermediate 
in the formation of the 7-keto-steroids is provided by the observation of Heusser, Anliker, 
Eichenberger, and Jeger (Helv. Chim. Acta, 1952, 35, 936) that (II; R = C,H,,, R’ = Ac, 
R” = H) can be converted into the fy-unsaturated ketone (III; R = CyH,,, R’ = Ac, 
R” = H) by means of peracetic acid (cf. Schoenewaldt et al., loc. cit.). 


If the rearrangement of (Ia) was stopped after various shorter reaction times, with the 
intention of isolating the desired intermediate diol, unchanged epoxide or (IIIa) was the 
main product. It must be concluded, therefore, that in this particular instance the 
formation of the diol is the rate-determining stage in the sequence of changes postulated 
above and that this compound has only a transient existence in the reaction mixture. 
Similarly, acid treatment of 9a : 1la-epoxyergosta-7 : 22-diene-38 : 5a-diol (Id) [prepared 
by deacetylation of (Ia) with lithium aluminium hydride] yielded 38 : 5a-dihydroxy- 
ergosta-9(11) : 22-dien-7-one (III) instead of the diol (IId), and the relation between this 
@y-unsaturated ketone and (IIIa) was demonstrated by reduction of both these compounds 
with lithium aluminium hydride to the same triol (VIII). The ready formation of these 
A%11)-7-keto-steroids in the 5a-hydroxy- and acetoxy-series gives substance to the suggestion 
by Bladon, Henbest, Jones, Wood, Eaton, and Wagland (/., 1953, 2916) that 38-acetoxy- 
5«-hydroxyergost-9(11)-en-7-one is an intermediate in the performic acid oxidation of 38- 
acetoxyergosta-7 : 9(11)-dien-5«-ol to 38-acetoxy-9« : 1la-epoxy-5a-hydroxyergostan-7-one, 
the ®y-unsaturated ketone being formed by acid-catalysed isomerisation of the first-formed 
9a : 1la-epoxy-A?-compound (for an analogous reaction in the 5-hydrogen series see 
Budziarek, Newbold, Stevenson, and Spring, /., 1952, 2892). 

The behaviour of methyl 38-acetoxy-5a-hydroxy-9« : 1l1«-epoxybisnorallochol-7-enoate 
(Ic), on treatment with aqueous sulphuric acid under the conditions described by Heusser 
et al. (Helv. Chim. Acta, 1951, 34, 2106), was seen to differ from that of (Ia) and (Id) in 
that the rotation of the solution remained constant for some minutes before it underwent 
the usual steady fall (Fig., C). The structure of the methyl 36-acetoxy-5«-hydroxy-7- 
oxobisnorallochol-9(11)-enoate (IIIc) so formed was confirmed, as it was for (IIIa), by the 
absence of appreciable absorption in the ultra-violet above 220 my and the easy formation 
of a 2: 4-dinitrophenylhydrazone. 


EXPERIMENTAL 
Optical measurements were determined on chloroform solutions (concentration limits 
0-9—1-2) at room temperature, and, except where otherwise stated, ethanol was the solvent 
in light absorption measurements. A Perkin-Elmer model 21 double-beam spectrophotometer 
equipped with rock-salt optics was used for the determination of infra-red spectra. 
Acid Rearrangement of 38 : 5a-Diacetoxy-9a : 1la-epoxyergosta-7 : 22-diene (Ia).—A solution 
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of the epoxide (Part I, /., 1953, 2921) (4 g.) in dioxan (1 1.) and 2Nn-sulphuric acid (500 ml.) 
was kept at 20° for 3 hr. The product (3-8 g.; [«]p —18°), obtained on isolation with ether, 
was dissolved in benzene and adsorbed on charcoal (100 g.; Sutcliffe and Speakman No. 5), 
the column then being eluted with benzene-ether (99:1; 7 x 100 ml.). The first fraction 
(185 mg.) had [a], —1° and was discarded. Rotations of the next six fractions varied between 
[a], —15° and [«], —18° and there was no significant absorption above 220 mu; these fractions 
(2-3 g.) were combined and crystallised from methanol, giving 38 : 5«-diacetoxyergosta-9(11) : 22- 
dien-7-one (IIIa) as needles, m. p. 194—195°, [a], —21-5° (Found: C, 74:8; H, 9-4. C,,H,,O0, 
requires C, 74:95; H, 9-45%). Light absorption: Apparent max. 205 mu (ce = 3300; c, 
0-0099); Vmax. 1740 and 1240 (acetate), 1724 (ketone), 1670, 814, and 802 (trisubstituted 
ethylene), and 968 cm.- (¢vans-1 : 2-disubstituted ethylene) in CS, (C.S. no. 64).* The ketone 
gave a yellow colour with tetranitromethane in chloroform. 

Elution of the column with the same solvent mixture (3 x 100 ml.) and with benzene- 
ether (1:1; 200 ml.) yielded 38 : 5a-diacetoxyergosta-8(9) : 22-dien-7-one (IVa) (0-44 g.) which 
crystallised from methanol as plates, m. p. 188—190°, [«], —42° (Found: C, 74:75; H, 9-7. 
C32.H,,0; requires C, 74:95; H, 9-45%), Amax, 255 mu (¢ = 8700), vax, 1740 and 1240 (acetate), 
1675 and 1593 («8-unsaturated ketone), and 969 cm. (trans-1 : 2-disubstituted ethylene) 
in CCl, (C.S. no. 65). 

The 7-keto-A8® *22-compound (IVa) readily formed a 2 : 4-dinitrophenylhydrazone derivative 
in Brady’s reagent at 20°. The Sy-unsaturated ketone (IIIa) would only form a derivative in 
Brady’s reagent at 40°. 

Chromatography of 38: 5a-Diacetoxyergosta-9(11) : 22-dien-7-one on Alumina.—-(a) Acid- 
washed alumina (for preparation, see preceding paper). The ketone (0-5 g.) in light petroleum— 
benzene (1:1) was adsorbed on acetic acid-washed alumina (30 g.). Elution with the same 
solvent mixture and with benzene yielded 3f-acetoxyergosta-5 : 9(11) : 22-trien-7-one (V) 
(0-4 g.), which crystallised from methanol as plates, m. p. and mixed m. p. 168—-172°, [«], 
—92°, Amax, 234 my (e 12,750). Elks e¢ al. (preceding paper) record for this compound, m. p. 
169—172°, [a], —96°, Amax, 234-5 my (ce 12,800). The infra-red spectrum was identical with 
that of an authentic specimen. 

(b) Untreated alumina. The ketone (2 g.) in light petroleum—benzene (4: 1) was adsorbed 
on alumina (Peter Spence, Grade 0; 60 g.). Elution with the same solvent mixture and 
light petroleum—benzene (1:1) yielded (?)ergosta-3 : 5 : 8(9) : 22-tetraene-7-one (VII) (402 mg.), 
needles (from methanol), m. p. 170—172°, [a], —172° (Found: C, 85-5; H, 10-45. C,,H,,O 
requires C, 85-65; H, 10-25%), Amax, 215—217 (e 19,000) and 272 my (e 14,600), vax, 1642, 
1610, and 1586 (carbonyl in conjugation with at least three double bonds), 1656 and 968 cm. 
tvans-1 ; 2-disubstituted ethylene) in CCl, (C.S. no. 66); no bands associated with acetoxy- 
or hydroxy-groups). The compound readily formed a 2: 4-dinitrophenylhydrazone in Brady’s 
reagent. It gave a strong yellow colour with tetranitromethane in chloroform. 

Elution of the column with benzene and ether yielded a solid (0-72 g.) which, on crystallis- 
ation from methanol, gave 36-acetoxyergosta-5 : 8(9) : 22-trien-7-one (VI) as needles, m. p. 
202—204°, [a], —30°, Amax. 246 mu (ec 12,800). Elks eft al. (preceding paper) record m. p. 
199—204°, [a], —32°, Amax, 245 my (¢ 11,800). The infra-red spectrum was identical with that 
of authentic material. 

Treatment of 38 : 5x-Diacetoxyergosta-9(11) : 22-dien-7-one with Alkali.—Potassium hydroxide 
1 g.) in water (3 ml.) was added to a solution of the ketone (1 g.) in ethanol (250 ml.), the 
solution then being kept at 20° for 1 hr. Isolation with ether yielded a solid which was re- 
icetylated in acetic anhydride—pyridine at 20° overnight. Crystallisation from methanol gave 
38-acetoxyergosta-5 : 8(9) : 22-trien-7-one (0-45 g.) as needles, m. p. 201—205°, [a], —30°, 
Amax, 246 mu (ce 12,100). Evaporation of the mother-liquors yielded impure (VII) (0-09 g.), 
t]pn —95°, Amax, 270 my. (c 8400), inflexion at 254—257 my (e 7500). 

9x: lla-Epoxyergosta-7 : 22-diene-38 : 5a-diol (Ib).—38 : 5a-Diacetoxy-9« : 1la-epoxyergosta- 
7: 22-diene (2 g.) in ether (40 ml.) was treated with excess of lithium aluminium hydride 
in ether. The solution was kept at 20° for 1 hr., then refluxed for a further hour. After 
decomposition of the complex with ice, the solution was shaken with 2N-tartaric acid (50 ml.) 
to remove aluminium hydroxide. Isolation with chloroform followed by crystallisation from 
aqueous acetone gave the diol epoxide (1:3 g.) as needles, m. p. 209—213°, [a], —1° (Found : 


* Infra-red spectra thus marked have been deposited with the Society. Photo-copies (price, 3s. Od. 
each per copy) may be obtained on application, quoting the C.S. no., to the General Secretary, The 
Chemical Society, Burlington House, Piccadilly, London, W.1. 


[1954] Studies in the Synthesis of Cortisone. Part V. 467 


C, 78-55; H, 10-2. C,,H,,0O, requires C, 78-45; H, 10-35%), having no significant absorption 
above 220 mu., Vmax, 3620 and 3520 (hydroxyl), 1660 and 970 (tvans-1 : 2-disubstituted ethylene), 
and 1635, 848, ar’ 816 cm.-! (trisubstituted ethylene) in Nujol (C.S. no. 67). 

38 : 5a-Dihye xyergosta-9(11) : 22-dien-7-one (IIIb).—The above diol epoxide (1 g.) in 
dioxan (400 ml.) \» 3 treated with 2N-sulphuric acid (150 ml.), the solution then being kept at 
20° for 3 hr. Isolation with ether and crystallisation from ethyl acetate yielded the ketone 
(0-4 g.) as threads, m. p. 220—221°, [a], —67° (Found: C, 78-7; H, 10-65. C,,H,,O, requires 
C, 78-45; H, 10-35%), no significant absorption above 220 my, Vmax, 3530 and 3350 (hydroxyl), 
1700 (ketone), 1650, 840, and 812 (trisubstituted ethylene) and 965 cm. (tvans-1 : 2-disubstituted 
ethylene) in Nujol (C.S. no. 68).* The 2: 4-dinitrophenylhydrazone was formed in Brady’s 
reagent at 20° (2 hr.). 

Ergosta-9(11) : 22-diene-38 : 5« : 7&-tviol (VIII).—(a) Excess of ethereal lithium aluminium 
hydride was added to 38: 5«-diacetoxyergosta-9(11) : 22-dien-7-one (1 g.) in ether (60 ml.), 
and the solution was refluxed for 1 hr. After decomposition of the complex with ice, the solution 
was shaken with 2n-tartaric acid (50 ml.). Isolation with chloroform and crystallisation from 
acetone yielded the ¢viol as threads, m. p. 239—240°, [a], —12-5° (Found: C, 78-45; H, 11-0. 
C,,H,,O, requires C, 78-1; H, 10-8%), vmax, 3450 (hydroxyl), 1660 and 964 (trans-1 : 2-disub- 
stituted ethylene), 1645, 822, and 815 cm.-! (trisubstituted ethylene) in Nujol. Acetylation in 
acetic anhydride—pyridine at 20° overnight gave the 3-monoacetate, threads (from methanol), 
m. p. 188—191°, [«]), —18-5° (Found: C, 76-55; H, 10-1. C39H,,O, requires C, 76-2; H, 
10-25%), Vmax. 3520 and 3350 (hydroxyl), 1738 and 1240 (acetate), 1658 and 970 (trans- 
1 : 2-disubstituted ethylene), 1645, 830, and 820 cm.- (trisubstituted ethylene) in CS,. 

(b) On reduction of 38 : 5«-dihydroxyergosta-9(11) : 22-dien-7-one (150 mg.) with ethereal 
lithium aluminium hydride as described above, the triol was obtained as threads, m. p. and 
mixed m. p. 230—232°, [a], —17-5°. The infra-red spectrum was identical with that of the 
triol obtained by method (a). 

Acid Rearrangement of Methyl 38-Acetoxy-9« : 1la-epoxy-5a-hydroxybisnorallochol-7-enoate 
(Ic) —The epoxide (Part I, Joc. cit.) (1 g.) in dioxan (140 ml.) was treated with 2N-sulphuric 
acid (22 ml.), the solution then being kept at 20° for 80 min. Isolation with ether and crystal- 
lisation from methanol gave methyl 3(-acetoxy-5a-hydroxy-7-oxobisnorallochol-9(11)-enoate 
(IIIc) (0-41 g.), m. p. 227—230°, fa], —45-5° (c, 0-5) (Found: C, 69-4; H, 8-35. C,;H,,0, 
requires C, 69-4; H, 8-4%), Vmax, 3600 (hydroxyl), 1732 and 1240 (acetate), 1712 (carboxylic 
ester and ketone), and 1160 cm.- (carboxylic ester) in Nujol (C.S. no. 69). The peak at 1712 
cm. has twice the normal intensity, indicating two carbonyls; the peak at 1160 cm. suggests 
that one of the carbonyls occurs in an ester group, leaving the second as an unconjugated 
carbonyl. 

The 2: 4-dinitrophenylhydrazone separated from Brady’s reagent as yellow-orange needles, 
m. p. 240° (decomp.) (Found: C, 60-6; H, 6-65. C,,H,yjO,N, requires C, 60-75; H, 6°6%), 
Amax. 368 my (e 38,500) in CHCl,;. The derivative was identical with that obtained on treatment 
of the epoxide (Ic) with Brady’s reagent. 


Thanks are due to Mr. W. F. Wall for assistance in the experimental work. 
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Studies in the Synthesis of Cortisone. Part VI.* Conjugated 
Trienones derived from Ergosterol. 


By J. Etks. 
[Reprint}Order No. 4664.] 

Ergosta-4 : 6 : 8(9) : 22-tetraen-3-one (I) has been prepared by hydrolysis 
of 3-acetoxyergosta-3 : 5:7: 9(11) : 22-pentaene with acid. The isomeric 
ergosta-4 : 6 : 8(14) : 22-tetraen-3-one (IV) resulted when ergosterol was 
treated with aluminium ¢ert.-butoxide and p-benzoquinone. 


DuRING an investigation into methods of preparing 11-keto-steroids from ergosterol, the 
preparation of ergosta-4 : 6 : 8(9) : 22-tetraen-3-one (I) was attempted. Treatment of 
ergosta-4 : 7 : 9(11) : 22-tetraen-3-one (II) (Heilbron, Kennedy, Spring, and Swain, /., 
1938, 869) with the boron trifluoride-ether complex in benzene, or with hydrogen chloride 
in chloroform, apparently caused rearrangement to (I), for in each instance a maximum 
appeared in the ultra-violet spectrum at 388 mu. However, neither method was very 
satisfactory ; boron trifluoride apparently allowed further reaction, as shown by the gradual 
disappearance of this peak, and its intensity in the spectrum of the crude product of the 
hydrogen chloride-catalysed rearrangement was rather low (E}%, 160—180). Compound 
(I) was finally obtained by hydrolysis of 3-acetoxyergosta-3 : 5: 7 : 9(11) : 22-pentaene 
(III) (tdem, loc. cit.) with aqueous hydrochloric acid in a mixture of chloroform and ethanol 
(cf. Yashin, Rosenkranz, and Djerassi, J. Amer. Chem. Soc., 1951, 73, 4654). Although 
the rotation and the ultra-violet absorption of the crude product both indicated the 
presence of a high proportion of (I), the yield, after crystallisation, was poor; thus little 
material was available, and the purity of the compound cannot be guaranteed. However, 
the high rotation (+749°) and the ultra-violet spectrum (e 16,700 at 245-5 my and 9300 at 
390 mu) are of the same order as those quoted by Yashin e¢ al. (loc. cit.) for the analogous 
22a-spirosta-4 : 6 : 8(9)-trien-3-one ([«]p +627°; e¢ 17,800 at 244 mu, and 12,300 at 388 
mu) and by Fried and Sabo (J. Amer. Chem. Soc., 1953, 75, 2273) for 21-acetoxy-17a- 
hydroxypregna-4 : 6 : 8(9)-triene-3 : 20-dione ([a]p +531°; ¢ 14,300 at 244 my and 6700 
at 385 my). 

Wettstein (Helv. Chim. Acta, 1940, 28, 388; Swiss P. 236,309; cf. Dauben, Eastham, 
Micheli, Takemura, Mandell, and Chemerda, J. Amer. Chem. Soc., 1953, 75, 3255) has 
reported that 3-hydroxy-A5-steroids are converted into the 3-keto-A*‘®-compounds by 
treatment with #-benzoquinone and aluminium ¢ert.-butoxide; it seemed possible that 
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oF \4 \4 
(III) (IV) 


this reaction might be extended to a 3-hydroxy-A5:?-compound with production of a 
conjugated trienone such as (I). When ergosterol was oxidised under these conditions 
the product yielded by chromatography a small quantity of a deep red solid and, in 12— 
16°% yield, a very pale yellow solid isomeric with (I). The ultra-violet spectrum (Amax. 
350 my) suggested that the compound was ergosta-4 : 6 : 8(14) : 22-tetraen-3-one (IV) 
[the displacement of the absorption to a higher wave-length in (I) is related to the homo- 
annular diene system in that compound]; this was subsequently confirmed by Barton 
and Bruun’s description (J., 1951, 2728) of a compound with identical physical properties, 
which they had obtained by Oppenauer oxidation of ergosta-5 : 7 : 14 : 22-tetraen-38-ol 
and formulated as (IV). A direct comparison of our ketone and of its 2 : 4-dinitropheny]l- 
hydrazone with samples kindly provided by Professor Barton proved the identity of the two 
* Part V, preceding paper. 
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compounds. Compound (IV) was unchanged after treatment, in chloroform solution, 
with hydrogen chloride. 
EXPERIMENTAL 

Ergosta-4 : 6 : 8(9) : 22-tetraen-3-one.—3-Acetoxyergosta-3 : 5: 7: 9(11) : 22-pentaene (Heil- 
bron e¢ al., loc. cit.) (0-7 g.) in a mixture of chloroform (30 ml.) and ethanol (70 ml.) was treated 
with concentrated hydrochloric acid (5 ml.) and left for 24 hr. at room temperature. The 
solution then had [a], +650° and showed a maximum at 380 my (E}%, 198). The solution 
was diluted with chloroform and washed successively with water, aqueous sodium hydrogen 
carbonate, and water. The chloroform solution was evaporated to dryness under reduced 
pressure and the residue was dissolved in acetone. On being cooled to ca. —40°, the solution 
deposited a yellow solid (160 mg.), m. p. 142—145°, Amax, 388 my (e 8900) in EtOH. Crystal- 
lisation from methanol yielded the unsaturated ketone as pale yellow plates, m. p. 151—153°, 
[a]p +749° (c, 0-465 in CHCl,) (Found: C, 85-4; H, 10-3. C,,H,O requires C, 85-6; H, 
103%), Amax, 245°5 (e 16,700) and 390 my (ce 9300) in EtOH, vpax, 1661, 1634, 1594, 1573, 
(*CO*C:C*C:C-C:C*), 965 (trans-1 : 2-disubstituted ethylene), and 870 cm.-! (3-keto-A4-) (in 
CCl,) (C.S. no. 70).* The last band has been observed in known 3-keto-A‘*-steroids and is 
believed to be characteristic of the group (this will be discussed more fully in a forthcoming 
publication). 

The 2: 4-dinitrophenylhydrazone crystallised from ethyl acetate as very deep red needles, 
melting at 230—235° (Found: N, 10-0. C3,,H,,O,N, requires N, 9°8%), Amax, 437-5 my (e 
34,500) in CHC],. 

Ergosta-4 : 6 : 8(14) : 22-tetvaen-3-one.—A solution of ergosterol (10 g.) and p-benzoquinone 
(20 g.) in toluene (sodium-dried; 220 ml.) was evaporated under reduced pressure until about 
20 ml. of distillate had been collected. Aluminium ¢ervt.-butoxide (10 g.) was added and the 
mixture was boiled under reflux for 1 hr. After being cooled, the solution was filtered and the 
dark solid washed with warm benzene. The combined filtrate and washings were extracted 
with dilute aqueous sodium hydroxide; persistent emulsions were formed and the layers could 
be separated only by centrifugation. The benzene solution was washed with water, dried 
(CaCl,), and evaporated to dryness under reduced pressure. The residual red gum (4-36 g.), 
in benzene solution, was chromatographed on alumina (Peter Spence Grade 0; 200 g.). The 
first benzene eluates were red, and gave a deep red solid on evaporation. Subsequent 
benzene eluates were yellow and gave yellow gums, which crystallised readily. Elution of this 
material was completed with benzene-ether (1:1). Crystallisation of this yellow solid from 
light petroleum (b. p. 40—60°) gave the unsaturated ketone as yellow plates (1-59 g., 16%), 
m. p. 112—114°. After further chromatography on alumina and crystallisation from methanol 
the ketone melted at 113—114° and had [«],, +588° (c, 0-98 in CHCl,) (Found: C, 85-6; H, 
10-4. Calc. for CygHyO: C, 85-6; H, 10-3%), Amax, 237 (¢ 4700), 282 (e 7100), and 350 my 
(c 27,100) in EtOH, vax 1666, 1644, 1588, and 1550 (*CO*C{C*C:C°C.C*), 970 (tvams-1 : 2-di- 
substituted ethylene), and 874 cm.-! (3-keto-A‘-) in CCl, (C.S. no. 71).* Barton and Bruun (loc. 
cit.) give m. p. 114—115°, [a]) +590° (CHCl,), Amax, 348 mp (ec 26,500) in EtOH. The infra-red 
spectrum of a specimen of (IV) made by the above method was identical with that of a sample 
provided by Professor Barton. There was no depression of the m. p. on mixing of the samples. 

The 2: 4-dinitrophenylhydrazone separated from ethyl acetate in deep red needles, m. p. 
231—234° (decomp.). It did not depress the m. p. of a sample provided by Professor Barton 
(Found: C, 71-4; H, 8-15; N, 10-1. Calc. for C,,H,,O,N,: C, 71:3; H, 7:7; N, 9-8%), 
Amax. 427 my (e 43,200) in CHCl,. Barton and Bruun (loc. cit.) give m. p. 236—237° (decomp.), 
and Amax, 427 my (e 41,000) in CHC). 

The semicarbazone, an amorphous yellow solid, melted at ca. 215° (Found: N, 9-5. 
Cy5H,3ON, requires N, 9:35%), Amax, 338 (c 50,400) and 352 muy (e 47,100) in EtOH. 

The red solid obtained from the first benzene eluates weighed 340 mg. After further 
purification on alumina and crystallisation from ethanol it was obtained as red needles, m. p. 
157—159° (Found: C, 84:0; H, 8-3%), Amax, 236 (£}%,, 563) and 330 my (£}%,, 434) in EtOH. 


The author is indebted to Professor E. R. H. Jones, F.R.S., for suggesting this problem and 
for providing accommodation and facilities in his laboratories at the University of Manchester, 
where part of this work was carried out. 


GLaxo LABORATORIES, LTD., GREENFORD, MIDDLESEX. [Received, September 19th, 1953.] 


* Spectra thus marked have been deposited with ‘the Society. Photocopies may be obtained from 
the General Secretary, price 3s. Od. each; the C.S. numbers must be quoted in all applications. 
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The Chrysanthemumcarboxylic Acids. Part VI.* The Configurations 
of the Chrysanthemic Acids. 
By LESLIE CROMBIE and STANLEY H. HARPER. 
[Reprint Order No. 4502.] 
THE recent optical resolution of the racemic chrysanthemic acids (3-tsobut-1’-enyl-2 : 2- 
dimethyleyclopropane-l-carboxylic acids) (I) (Campbell and Harper, J. Sct. Food Agric., 
1952, 3, 189) and their conversion into pyrocin, shown to be the lactone (II) (Crombie, 
Harper, and Thompson, 7bid., 1951, 2,421; Part V*), has made possible the deduction of 
the configurations of the optically active chrysanthemic acids. 
CH:CMe, 
(CH-CH:CMe, ty Si sh 1:CMe, os) ML diane _" 
3 
Kt > Me,C 2 
\CH-C¢ ),H ss a Vo : NG—co,H 


(I (IT) (IIT) (IV) H 


Me,C2 


(+-)-trans-Chrysanthemic acid, the naturally occurring isomer (the acidic component 
of cinerin-I and pyrethrin-I), is transformed by heat into (—)-pyrocin (Matsui, Botyu- 
Kagaku, 1950, 15, 1; Part V, loc. cit.) with rupture of the cyclopropane ring between 
Cy) and Cy) and consequent loss of asymmetry at Cy but retention of activity at Cy). 
Ozonisation of (—)-pyrocin yields (+-)-terebic acid (III) (Matsui, Ohno, Kitamura, 
and Toyao, Bull. Chem. Soc. Japan, 1952, 25, 210). Now Fredga obtained (+)-terebic 
acid on oxidation of (—)-tsopropylsuccinic acid (Svensk Papperstidn., 1947, 50, No. 11, B, 
91) and has related the configuration of the latter to that of (—)-methylsuccinic acid 
(Fredga and Leskinen, Arkiv Kemi, Min., Geol., 1944, 19, B, No. 1). From this a formal 
path of transformations to L-glyceraldehyde has been traced out which would relate Cj) of 
the chrysanthemic acids to glyceraldehyde and lead to the formula (IV) for (+)-trans- 
chrysanthemic acid (the Ci-Ci) bond is in the plane of the paper). However, these 
transformations involve several arbitrary correlations whose significance has been discussed 
by us previously (Crombie and Harper, J., 1950, 2685). 

To complete the interrelating of the chrysanthemic acids we have now converted 
(+-)-cis-chrysanthemic acid into a pyrocin, shown to be the hitherto unknown (+-)-isomer 
by admixture in equal parts with (—)-pyrocin of the same melting point (84°), when 
depression of melting point occurred to that of (-+-)-pyrocin (59°), not further depressed 
on admixture with (+-)-pyrocin. Mixtures containing a slight excess of (+)- or (—)- 
pyrocin had melting points below that of (-+-)-pyrocin, showing this to be a racemic 
compound, The enantiomorphic (—)-cis-chrysanthemic acid is therefore the epimer of 
(+-)-trans-chrysanthemic acid about Cy). 


Experimental.—(+-)-Pyrocin. (-+-)-cis-Chrysanthemic acid (2 x 0-5 g.; Campbell and 
Harper, Joc. cit.), after fusion and sealing in Pyrex tubes evacuated to 10-? mm., was heated at 
310° for 3 hr. After cooling, the contents were rinsed out with ether, washed with aqueous 
sodium hydroxide, dried (Na,SO,), and distilled (b. p. 128—131°/16 mm.), to give a partly 
crystalline product which was freed from oil and crystallised from light petroleum (b. p. 40— 
60°). (+-)-Pyvrocin (125 mg.) was thus obtained as irregular prisms, m. p. 83-5—84-5° (Found : 
C, 71:7; H, 9-6. Cy 9H,,.O, requires C, 71-4; H, 9-6%), [«]?? +62° (c, 0-764) in sodium-dried 
ether (/, 2), [x]? +64° (c, 0-608) in ethanol (/, 2). Matsui (loc. cit.) records [«]?! —75-5° in ether, 
while Matsui et al. (loc. cit.) record [«]?? —57-7° in alcohol for (—)-pyrocin. 


KING’s COLLEGE (UNIVERSITY OF LONDON), 
STRAND, W.C.2. 
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The Synthesis of 2-Phenylcycloheptatrienone from 
2-Phenylcyclohept-2-enone. 
By Dov ELap and Davip GINSBURG. 
[Reprint Order No. 4666.] 


2-PHENYLcyclOHEPTATRIENONE has been prepared by the reaction of tropolone methyl 
ether or 2-chlorocycloheptatrienone with phenylmagnesium bromide (Nozoe, Mukai, and 
Minegishi, Proc. Japan. Acad., 1951, 27, 419; Doering and Hiskey, J. Amer. Chem. Soc., 
1952, 74, 5688) and of tropolone with phenyl-lithium. Since 2-phenylcyclohept-2-enone 
was readily available (Ginsburg and Pappo, J. Amer. Chem. Soc., 1953, 75, 1094) the 
synthesis has been performed from this alicyclic intermediate. 

Bromination of 2-phenylcyclohept-2-enone with one mol. of N-bromosuccinimide 
proceeded sluggishly over a period of 9 hr. Dehydrobromination with 2: 6-lutidine 
afforded a mixture, the oximes from which were separable by chromatography. The 
major oxime had m. p. 113—115°, Amax, 2400 A (log ¢ 3-93 in EtOH), and a small amount 
of an isomer, m. p. 122—124°, Amax. 2250 A (log « 4:18 in EtOH), was obtained. On the 
basis of these absorption data the former is considered 2-phenylcyclohepta-2 : 4-dienone 
oxime, and the latter 2-phenylcyclohepta-2 : 6-dienone oxime (cf. Evans and Gillam, 
J., 1943, 565). This assignment is supported by the general observation that, with N- 
bromosuccinimide, bromination in the position allylic to the double bond is preferred to 
that « to a carbonyl group, in «$-ethylenic ketones (Djerassi, Chem. Review's, 1948, 43, 284). 

Repetition of the bromination (now rapid) and dehydrobromination with the mixed 
2-phenylcycloheptadienones yielded 2-phenylcycloheptatrienone. 

Attempted oxidation of 2-phenylcyclohepta-2:4-dienone to 3-phenyltropolone by 
selenium dioxide in dioxan failed although the crude product gave a positive ferric chloride 
test : 2-phenylcycloheptatrienone was again obtained. Such dehydrogenations are known, 
e.g., in the case of 2-methylcyclohexanone (Godchot and Cauquil, Compt. rend., 1936, 202, 
326) and 2-phenylcyclohexanone (Elad and Ginsburg, /., 1953, 2664). 


Experimental._—2-Phenylcycloheptatrienone. 2-Phenylcyclohept-2-enone (0-93 g.), N-bromo- 
succinimide (0-98 g.), and a catalytic amount of benzoyl peroxide were heated under reflux in 
carbon tetrachloride (15 ml.) for 9 hr. The succinimide was removed by filtration and the 
solvent evaporated ina vacuum. The residue was refluxed with 2 : 6-lutidine (15 ml.) for 2 hr. 
The solvent was removed in a vacuum and the residue was taken up in ether, washed with 
dilute hydrochloric acid and with water, and dried (Na,SO,), and the ether was evaporated. 
The residue (0-84 g.) was refluxed in carbon tetrachloride (15 ml.) with N-bromosuccinimide 
(0-98 g.) and a catalytic amount of benzoyl peroxide for 2 hr. After treatment as described 
above the residue was chromotographed in benzene over acid-washed alumina (Merck). 
Elution was by benzene-chloroform (1: 1) and finally chloroform. The middle fraction which 
consisted of 2-phenylcycloheptatrienone crystallised as yellow needles, m. p. 81—82° (from 
heptane) (101 mg.). Recrystallisation from isooctane raised the m. p. to 82-5—83-5°. The 
infra-red absorption spectrum was identical with that reported (Doering and Hiskey, Joc. cit.). 

Oximes of 2-phenylcyclohepta-2 : 4- and -2: 6-dienone. The residue obtained from the first 
bromination (see above) was treated with hydroxylamine hydrochloride in ethanol—pyridine, 
and an oily mixture of oximes was obtained in the usual way. The oil was dissolved in ether 
and the solution was washed with Claisen’s alkali. The alkaline layer was acidified with acetic 
acid and kept overnight in the refrigerator. The precipitate was chromatographed in benzene 
over acid-washed alumina. Benzene-—chloroform (1:1) and finally chloroform were used for 
elution. The first fraction upon evaporation gave needles of 2-phenylcyclohepta-2 : 4-dienone 
oxime, m. p. 113—115° (from aqueous ethanol) (Found: C, 78-3; H, 6-8. C,,;H,;ON requires 
C, 78:4; H, 66%). The second fraction yielded rosettes of 2-phenylcyclohepta-2 : 6-dienone 
oxime, m. p. 122—124° (from aqueous ethanol) (Found: C, 78-1; H, 6-7%). Each of the 
oximes gave a large m. p. depression when admixed with 2-phenylcyclohept-2-enone oxime. 

Selenium dioxide oxidation of the dienone mixture. The residue from the first bromination 
step (from 0-93 g. of 2-phenylcyclohept-2-enone) was dissolved in dioxan (20 ml.). Selenium 
dioxide (0-62 g.) was added and the solution was refluxed for 8 hr. The precipitated selenium 
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was filtered off and the dioxan was removed in a vacuum. The residue was taken up in ether 
and was washed with dilute silver nitrate solution and with water. After evaporation, the 
oily residue was chromatographed in benzene over acid-washed alumina. Only one fraction 
crystallised after evaporation of the solvent. Recrystallisation gave 2-phenylcyclohepta- 
trienone, m. p. 82-5—83-5° (from isooctane), identical with the product obtained as above. 


DANIEL SIEFF RESEARCH INSTITUTE, WEIZMANN INSTITUTE OF SCIENCE, 
REHOVOTH, ISRAEL. [Received, September 21st, 1953.] 


The Halogenation of 2-Methoxy-1-acetonaphthalide. 
By F. BELL. 
[Reprint Order No. 4693.] 


To the examples already given (J., 1953, 3035) of difference in position of substitution by 
chlorine and bromine can be added that of 2-methoxy-l-acetonaphthalide (I). Davis 
(Chem. News, 1896, 74, 302) established that bromination occurs in 
\HAc position 6. He found, also, that chlorination with sulphuryl chloride 
jOMe yielded a crystalline monochloro-derivative, m. p. 167°, but this was 
4 not oriented. Ina patent (I. G. Farbendind., G.P. 491,022) it is stated 
that 2-methoxy-l-acetonaphthalide in acetic acid is chlorinated in 
position 4 but the chloro-compound is not described nor is evidence 
given for the structure. It is now found that by interaction with one mol. of sulphury] 
chloride there is obtained a monochloro-derivative, m. p. 197°, identical with that obtained 
by chlorination in acetic acid. The chlorine atom is shown to be present in position 4 by 
alternative preparation from 4-amino-2-methoxy-l-acetonaphthalide, the constitution of 
which was established by Bradley and Robinson (J., 1934, 1488). 

No such difference is found for 2-methoxy-1-toluene-f-sulphonamidonaphthalene, 
which undergoes bromination, chlorination, and nitration uniformly in position 4. Further 
bromination occurs in position 6. Although the yield of mononitro-derivative is fairly 
good (about 50% compared with less than 25% in the nitration of the corresponding 
acetyl derivative) it was not possible to hydrolyse off smoothly the toluene-f-sulphony] 
residue. A similar difficulty was experienced with 1-formamido-2-methoxy-4-nitronaph- 
thalene. 


(I) Cl 


EXPERIMENTAL 


Chlorination of 2-Methoxy-1-acetonaphthalide.—(a)*Chlorine (1 mol.) was passed into a slightly 
warm solution of the amide (Bradley and Robinson, /oc. cit.) in acetic acid, and the resultant 
solution diluted with water. The precipitated 4-chlovo-derivative formed needles, m. p. 197°, 
from ethanol (Found: C, 62-6; H, 4:3. C,,;H,,0,NCl requires C, 62-5; H, 4:8%). (b) Sul- 
phuryl chloride (1 mol.), diluted with chloroform, was dropped into a slightly warm solution 
of the compound in chloroform. The chloroform was distilled off and the residue crystallised 
several times from ethanol (50% yield of monochloro-derivative, m. p. 197°). Addition of 
excess of sulphuryl chloride to the monochloro-compound gave a plastic mass from which no 
crystalline material was isolated. 

Synthesis of 4-Chloro-2-methoxy-1-acetonaphthalide——The product obtained from 4-amino- 
2-methoxy-l-acetonaphthalide by the usual Sandmeyer procedure was extracted with boiling 
acetone. On cooling, the extract deposited the 4-chloro-compound in needles, m. p. 197°, in 
good yield. 

Bromo-compounds.—An acetic acid solution of 2-methoxy-1-nitronaphthalene (5 g.) and 
bromine (4 g.) was gently boiled for 1 hr. and then left overnight. The crystals deposited 
2-2 g.) gave pure 6-bromo-2-methoxy-l-nitronaphthalene after one recrystallisation from 
acetic acid. On slight dilution of the mother-liquor there was obtained a sticky solid, which 
consisted mainly of 1 : 6-dibromo-2-methoxynaphthalene. Addition of excess of zinc dust to a 
boiling suspension of the bromonitro-compound (3-2 g.) in ethanol (64 c.c.) and hydrochloric 
acid (30 c.c.) gave a colourless solution, which after filtration from zinc and addition of hydro- 
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chloric acid gave an almost quantitative yield of the base hydrochloride. Decomposition of 
this with ammonia solution gave 6-bromo-2-methoxy-l-naphthylamine, m. p. 70—73°, which 
with toluene-p-sulphonyl chloride in pyridine gave 6-bromo-2-methoxy-1-toluene-p-sulphonamido- 
naphthalene as needles, m. p. 219°, from acetic acid or chloroform (Found: C, 53-9; H, 3-6. 
C,,H,,0,NSBr requires C, 53-2; H, 3-9%). 

Bromine (1 g.) in chloroform was added to a solution of 2-methoxy-1-toluene-p-sulphon- 
amidonaphthalene (2 g.) in hot chloroform. After a few minutes’ boiling the mixture was 
diluted with light petroleum, and the product crystallised from acetic acid. 4-Bromo-2-methoxy- 
1-toluene-p-sulphonamidonaphthalene formed needles, m. p. 187-—188° (1-5 g.) (Found: C, 52-9; 
H, 3-5%). 

4 : 6-Dibromo-2-methoxy-1-toluene-p-sulphonamidonaphthalene was obtained by the bromin- 
ation in chloroform solution of the 6-bromo-derivative or, in poorer yield, of the 4-bromo-deriv- 
ative. It formed needles, m. p. 212°, from acetic acid (Found: Br, 32-6. C,,H,,;0,NSBr, 
requires Br, 33-0%). 

2-Methoxy-1-toluene-p-sulphonamidonaphthalene, from 2-methoxy-l-naphthylamine and 
toluene-p-sulphonyl chloride in pyridine, crystallised from chloroform in needles, m. p. 200° 
(Found: C, 65:2; H, 5:5. C,,3H,,O,NS requires C, 66-1; H, 5-2%). 

Nitro-compounds.—2-Methoxy-4-nitro-1-toluene-p-sulphonamidonaphthalene, obtained by 
heating 2-methoxy-1-toluene-p-sulphonamidonaphthalene (5 g.) on a steam-bath for 5 hr. with 
concentrated nitric acid (5 c.c.) and water (50 c.c.), crystallised from acetic acid in bright yellow 
needles, m. p. 199° (2-6 g.) (Found: C, 58-2; H, 4:5. C,,H,,0,;N.S requires C, 58-1; H, 4:3%). 
It was recovered after being boiled with concentrated hydrochloric acid, ethanolic hydrogen 
chloride, or 60% sulphuric acid and was sulphonated by concentrated sulphuric acid even in the 
cold. 

2-Methoxy-4-nitro-l-acetonaphthalide was obtained by Bradley and Robinson’s method. 
The mother-liquor from the purification of the crude nitro-compound deposited needles, m. p. 
184—185°, of 2-methoxy-1: 4-naphthaquinone. When 2-methoxy-4-nitro-l-acetonaphthalide 
was boiled with ethanol—hydrochloric acid it slowly yielded a yellow hydrochloride, which on 
decomposition with ammonia solution gave crude 2-methoxy-4-nitro-1-naphthylamine, which 
formed orange needles, m. p. 199°, from acetic acid (Found: C, 61-6; H, 4:8. C,,H,9O;N,. 
requires C, 60-6; H, 4:6%). This base did not interact in pyridine solution with toluene-p- 
sulphonyl chloride. 

2-Methoxy-1-naphthylamine with boiling formic acid afforded needles of the formyl derivative, 
purified by recrystallisation from ethanol, to yield colourless needles, m. p. 165° (Found: C, 
71:0; H, 5:3. C,.H,,0O,N requires C, 71-6; H, 55%). 1G. was added slowly to a mixture of 
concentrated nitric acid (0-5 c.c.) and acetic acid (2-5 c.c.) and the resultant paste set aside for 
2hr. Addition of water gave a precipitate which was first boiled with alcohol and then recrys- 
tallised from pyridine, to yield 2-methovy-4-niivo-1-formamidonaphthalene as bright yellow 
needles, m. p. 245° (Found: C, 58-2; H, 4:1. C,,H,)O,N, requires C, 58-5; H, 41%). 


HERIOT-WATT COLLEGE, EDINBURGH. (Received, October 3rd, 1953.) 


Friedelin and epiFriedelinol from Ceratopetalum apetalum D.Don. 


By P. R. JEFFERIES. 
[Reprint Order No. 4697.] 


Ceratopetalum apetalum D.Don (Cunoniaceae), commonly known as coachwood, occurs 
in the rain forests of New South Wales. The odour of the freshly broken bark has been 
ascribed to the presence of coumarin (Maiden, ‘‘ The Forest Flora of N.S.W.,” 1906, Vol. I, 
p. 128). Extraction of the bark with light petroleum affords the triterpene ketone, 
friedelin, and an alcohol, m. p. 279—283°. Friedelin has been previously isolated from 
cork where it occurs associated with the hydroxy-ketone cerin (Elsevier, ‘‘ Encyclopedia 
of Organic Chemistry,”’ Elsevier Publ. Co., New York, 1940, Vol. XIV, p. 588). 

The new alcohol, characterised as its acetate and benzoate, yields friedelin when 
oxidised with copper powder and is named e//friedelinol to distinguish it from the epimer 
obtained by sodium-amyl alcohol reduction of friedelin. efiFriedelinol has also been 
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obtained by platinum-catalysed reduction of friedelin in acetic acid and is probably 
identical with the low-melting friedelinol which Lander and Svirbely (J. Amer. Chem. Soc., 
1944, 66, 235) obtained by an undisclosed method. 

In a personal communication Dr. J. R. Price informs me that he and A. W. McKenzie 
have isolated both friedelin and efzfriedelinol from Balanops australiana F. Muell. 


Experimental.—Light petroleum refers to the fraction of b. p. 60—80°. B.D.H. aluminium 
oxide for chromatographic analysis was used throughout. The solvent for determinations of 
rotation was chloroform. 

Isolation of friedelin and epifriedelinol. The dried powdered bark (7 kg.) was exhausted by 
continuous extraction with light petroleum, and the concentrated extract separated from 
crystalline material and evaporated. Digestion of the residue with a little ether afforded a 
second crop and the combined material (44 g.) crystallised from benzene, to give the less soluble 
epifriedelinol (5-2 g.) which, crystallised thrice from chloroform, formed plates, m. p. 279— 
283°, [a]l® + 24° (c, 0-36) (Found: C, 83-8; H, 12-3. Cj 9H,;,0 requires C, 84-1; H, 12-2%). 
The m. p. was unaffected by admixture with a sample obtained by reduction of friedelin. 
Evaporation of the benzene mother-liquors gave the crude ketone which was dissolved in 
benzene-light petroleum (1 : 9) and poured on alumina (500 g.). Elution with the same solvent 
and crystallisation of the product from benzene gave friedelin (36 g.), m. p. 261—265°, [a|}} 

-22° (c, 0-812) (Found: C, 84:8; H, 11-6. Calc. for C,,H;,0: C, 84-5; H, 11-:8%), identical 
with a sample derived from cork. Elution of the column with chloroform gave a further crop 
(1-5 g.) of epifriedelinol. 

Friedelin enol benzoate, prepared according to the method of Drake and Jacobsen (J. Amer. 
Chem. Soc., 1935, 57, 1570), had m. p. and mixed m. p. 262—267°, [a]}® + 62° (c, 0-68). Friedelin 
oxime, prepared by means of hydroxylamine hydrochloride in pyridine at 100°, had m. p. and 
mixed m. p. 290—292°. 

Oxidation of epifriedelinol. The alcohol (0-3 g.) was heated with copper powder (2-0 g.) 
under nitrogen at 290—300° for a few minutes. The cold melt was digested with chloroform 
and filtered, and the extract evaporated. Dissolution of the residue in benzene-light petroleum 
(1 : 5) and filtration through alumina (10 g.) afforded a crystalline residue which, after crystallis- 
ation from benzene, had m. p. 261—265° alone or mixed with authentic friedelin. The identity 
was confirmed by comparison of samples of the enol benzoate. 

Reduction of friedelin. The ketone (0-7 g.) and platinum oxide (0-1 g.) were suspended in 
pure acetic acid (100 ml.) and hydrogenated at 100°/500 lb. The mixture was diluted with 
water, and solid collected and extracted with hot chloroform. Evaporation and crystallisation 
from benzene gave epifriedelinol, m. p. and mixed m. p. 279—283°. 

Derivatives of epifriedelinol. (a) The acetate was obtained from both samples with boiling 
acetic anhydride. It crystallised from benzene—alcohol in plates, m. p. and mixed m. p. 290— 
294°, [a]}? +45° (c, 0-435) (Found: C, 82:0; H, 11-8. C,,H,;,0, requires C, 81-6; H, 11:6%). 
(b) Treatment of the alcohol (both samples) with benzoyl chloride in pyridine for 1 hr. at 100° 
gave the benzoate, crystallising from benzene-alcohol as plates, m. p. 254—257°, [a]? + 40° 
(c, 0-48) (Found: C, 83-8; H, 10-7. C,,H;,O, requires C, 83-4; H, 10-6%). 


Acknowledgment is made to Dr. J. R. Price for supplying samples of friedelin and its enol 
benzoate and oxime, and to Dr. H. J. Rodda of this Department and Messrs. Webb and Tracey 
of C.S.I.R.O., Brisbane, for making available the plant material. 
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Notes. 


The Rearrangement of N-Acetylhydrazobenzene. 


By D. W. Davies and D. Li. HAmmick. 
[Reprint Order No. 4721.] 


THE rearrangement of N-acetylhydrazobenzene in the presence of concentrated hydro- 
chloric acid has been examined by Pongratz and Scholtis (Ber., 1942, 75, 138). They 
obtained a product, m. p. 201—203°, which they described as N-acetylbenzidine, m. p. 
199°. They did not, however, take a mixed m. p. with an authentic sample, or try to 
discover whether any other products were formed. In the present investigation confirma- 
tion of the formation of N-acetylbenzidine was obtained, and the absence of other products 
was proved. 

The rearrangement was also investigated in dilute hydrochloric acid, and in a solution 
of hydrogen chloride in 95% ethanol. The products were found to be benzidine and 
diphenyline in aqueous acid of a greater strength than 5n, and in ethanolic acid of any 
strength, no N-acetylbenzidine being detectable. This is readily explained as being due 
to hydrolysis of the acetyl group, followed by rearrangement. This difference in the effect 
of the acids presumably occurs because the arrangement is of second order with respect to 
acid (Hammond and Shine, J. Amer. Chem. Soc., 1950, 72, 220), whereas the hydrolysis is 
‘of first order with respect to acid. Thus, only in concentrated aqueous acid does the re- 
arrangement become sufficiently fast to occur before appreciable hydrolysis. 


Experimental.—The results described in the last paragraph were obtained as follows: the 
appropriate solution was made up and set aside overnight; its optical density was measured in 
the range of wave-lengths 200—320 mu, the solution being then neutralized and the measure- 
ments repeated. The curves obtained were compared with those previously determined for 
N-acetylhydrazobenzene, N-acetylbenzidine, and benzidine in neutral and acid solution. The 
instrument used was a Beckman ultra-violet Spectrophotometer, Model DU. To test the 
reliability of the method, the products of some of the rearrangements were isolated and identified 
by mixed m. p. determinations with authentic samples. These results always agreed with 
those obtained by the spectral methods. 

N-Acetylhydrazobenzene was prepared by the action of acetic anhydride on hydrazobenzene 
(Ritter and Ritter, J. Amer. Chem. Soc., 1930, 52, 2815.), and N-acetylbenzidine by the action 
of acetic anhydride on benzidine (Cain, J., 1909, 95, 717.).. Commercial benzidine was purified 
by recrystallizarion from ethanol in the presence of animal charcoal. The m. p.s obtained 
agreed with those given in the literature. 
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Obituary Notices. 


OBITUARY NOTICE 


JAMES COLQUHOUN IRVINE. 
1877—1952.* 


DurRInG a period of fifty-seven years James Colquhoun Irvine served the University of St. 
Andrews in the successive capacities of student, lecturer, Professor, Dean of the Faculty of 
Science, and Principal. His services to Scotland’s oldest seat of learning, particularly during 
his tenure of the highest office for more than thirty years, were such as to entitle him to take 
rank as little less than its second founder. 

He was born at Glasgow on May 9th, 1877. He had one older brother and two younger 
sisters. His father, John Irvine, was a native of Maybole, Ayrshire; his mother, Mary Paton 
Colquhoun, came from Port Glasgow. John Irvine, a manufacturer of light iron castings, was 
descended from solid but undistinguished yeoman farmers who became associated with the 
rural weaving industry in Ayrshire until the introduction of steam-driven looms put an end to 
the cottage industries. In the words of his eminent son, “‘ he was an accomplished linguist and 
musician, a capable mathematician, and a discriminative collector of books, mainly general 
literature. His outlook was that of the Lowland Scot—strongly Calvinistic—and he took pride 
in the fact that a Covenanting ancestor fell in the skirmish at Airdsmoss in 1680 and was buried 
in Glasgow Cathedral. Such scientific inheritance as I can trace comes from my father.”’ 

On his mother’s side, Irvine’s ancestors were entirely Highland, and her forebears followed 
the sea, either in the Mercantile Marine or the Royal Navy. Among them was a certain 
Alexander Colquhoun, master of a clipper in the China trade, and Captain James Colquhoun, 
R.N., who fell at Mandalay in 1882. This inheritance gave to Irvine, and also to his son, Nigel, 
an intense love of the sea and of sailing in small boats. Beyond this, as Irvine left on record, 
his mother “‘ was a singularly beautiful character, and I owe to her anything I possess in the 
way of gentleness and sympathy for others.” 

Irvine considered that the most important early influence upon him was his father’s insistence 
that the children should use the family library without restriction. His father was a close 
friend of Professor Henry Drummond (author of ‘‘ Natural Law in the Spiritual World ’’), and 
the young Irvine, who often joined the two companions in botanical and geological excursions 
to Possil Marsh and the Campsie Hills, became the proud recipient not only of a simple micro- 
scope, but also of the telescope that Drummond had used in his expedition to Central Africa. 
To these early experiences Irvine ascribed in later life the start of his interest in science. 

At the age of 13, this interest led him with an open scholarship to Allan Glen’s School, 
Glasgow. Dr. John G. Kerr, headmaster of this pioneer school specializing in the experimental 
sciences, had been trained in the classical tradition, and he impressed upon his incipient scientists 
the value of linguistic studies: in fact, English, Latin, and French were compulsory for boys 
taking chemistry, physics, or engineering. Participation in games and athletics was strongly 
encouraged, and Irvine developed into a versatile runner. ‘‘ The feet of the young Irvine were 
as fleet and nimble as his intelligence,’’ wrote his contemporary, Dr. John Rogers. ‘‘ He wasa 
strong swimmer and he became no mean exponent both of golf and tennis.” 

When he left school in 1893, Irvine was firmly pledged to chemistry. For the next two years 
he studied at the Royal Technical College, Glasgow, under Professor G. G. Henderson, who 
urged him to pursue academic chemistry rather than to follow the usual course of training for 
a technical post; and it was on Henderson’s advice that, in 1895, he migrated to the University 
of St. Andrews. 

Here, originally in the capacity of lecture assistant, he became an ardent disciple of Thomas 
Purdie, F.R.S., Professor of Chemistry, who held an abiding place in his memory, and of whom 
he often spoke in the warmest terms. ‘‘ The relationship between us,’’ he used to say, ‘‘ was 
almost that of father and son.’’ It was Purdie who gave him the first vision of the true function 
of a university science department, in which teaching must be linked with an active prosecution 
of research. Purdie had worked in London with Edward Frankland, and in Wiirzburg with 
Johannes Wislicenus : a worthy pupil of this great German master, he became a pioneer of 
stereochemistry in Great Britain. In Irvine’s opinion, Purdie’s ‘‘ election to the Chair in 1884 
was the turning point in the history of Chemistry in St. Andrews, and it is not too much to claim 
that it was also a turning point in the history of the University.” 


* Reprinted, by permission, from Obituary Notices of Fellows of the Royal Society, Vol. VIII, No. 22. 
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In 1891, on Purdie’s initiative, a laboratory for practical chemistry, together with a modest 
research room, was presented to the University in memory of his uncle, Thomas Purdie, of 
Castlecliffe. More than this, by virtue of an unexpected inheritance, Purdie was able, in 1905, 
to follow up the original benefaction by handing over to the University a new building for 
chemical research, containing a lecture theatre. This institute, the first of its kind to be built 
in Scotland, was equipped and also endowed by the donor; and, equally important, Purdie 
gathered around him and inspired a band of enthusiastic young research workers. 

It is not easy to convey any just conception of the condition of the University as Irvine saw 
it in his early days: here was an institution, it is true, deeply rooted in time; but marked by 
poverty, a paucity of students, and a sad lack of proper buildings and equipment for the teaching 
ofscience. He listened to Purdie’s lectures in a primitive room furnished with a curved lecture- 
table. ‘‘ The uncomfortable benches with high backs were richly carved with names and legends 
left behind by many generations of idle students; the wind, untempered by central heating, 
drifted continuously into the room, which was warmed only by an enormous open fire, replenished 
during each lecture hour by the Janitor, who was always greeted with grateful apvlause.”’ This 
is Irvine’s own description. 

The small research room of 1891, with its high windows, looked northwards to the sea across 
a grassy slope leading down to the large College Lawn, or Professors’ Bowling Green; and 
similar windows at the south end of the teaching laboratory offered an exquisite vista of another 
lawn, with a garden and trees. Here was an idyllic setting, reminiscent of Giessen and Liebig, 
some fifty years before. Moreover, the spirit of Giessen permeated the St. Andrews laboratory. 
In Irvine’s early days at St. Andrews, teaching ended in mid-March; but Purdie and his group 
of keen workers stayed on through the late spring and summer, emulated only by William 
Carmichael McIntosh and his biologists in the Gatty Marine Laboratory. With all his capacity 
for arousing the enthusiasm and devotion of his pupils, Purdie was no narrow specialist. In 
Irvine’s own words, his pupils ‘‘ learned to appreciate that there is music beyond the range of 
students’ songs, and literature other than the records of scientific papers. Round his study fire, 
the philosopher, the theologian, and the traveller were wont to gather.’’ Such were some of 
the early influences brought to bear upon the future Principal of the University. 

Irvine graduated B.Sc. with “‘ special distinction ’’ in chemistry and natural science in 1898; 
but even before graduating he had begun research work with Purdie on the optical resolution of 
lactic acid. After taking his degree he spent another year at St. Andrews, during which he 
continued to work with Purdie on the application of the “‘ silver oxide reaction ’’ to hydroxy- 
ethers, in an experimental verification of the Wiedemann—Landolt law. In 1899 he was 
appointed to an 1851 Exhibition Scholarship and went to Leipzig in order to work under Purdie’s 
former teacher, Johannes Wislicenus, and also to study under Ostwald. In addition he attended 
lectures by Beckmann, Stobbe, and Pfeffer. He worked in the Erstes Chemisches Laboratorium, 
with the initial aim of synthesizing phenanthrene; and in 1901 he gained the Ph.D. degree, his 
thesis being entitled: ‘‘ Ueber einige Derivate des Orthomethoxybenzaldehydes.”’ 

In a brief note on this period, Irvine wrote: ‘‘ I found Wislicenus stimulating and lovable ; 
Beckmann, jovial and interesting; Ostwald, aloof and completely indifferent to students 
specializing in organic chemistry. Purdie was the first English-speaking student to collaborate 
with Wislicenus, and, so far as I can trace, I was the last. From the point of view of scientific 
education I found Germany disappointing. This may in part be explained by the fact that my 
sojourn there coincided with the period of the Boer War and the lot of the Englander was 
unenviable.”’ 

From Leipzig Irvine returned to St. Andrews, where the prospect of a junior position under 
Purdie proved more attractive to him than offers elsewhere of academic positions having a 
superior status, since this crucial decision enabled him to begin investigations on carbohydrates. 
This new line of work arose ultimately from the high standard of accuracy at which Purdie 
aimed in all his researches, and which extended to his measurements of optical rotatory power. 
It was through tracing to the source certain irregularities of optical rotation that Purdie and his 
collaborators encountered the celebrated ‘‘ silver oxide reaction,’’ which was to mean so much to 
organic chemistry, and to direct the trend of chemical research at St. Andrews for many years 
to come. This reaction, discovered by W. Pitkeathly, a young St. Andrews graduate, and 
developed by G. D. Lander, permits of a remarkably smooth and efficient alkylation of hydroxyl 
groups through treatment of the hydroxy-compound with dry silver oxide and an alkyl iodide. 
To paraphrase a saying of A. W. Hofmann: ‘‘ Had the St. Andrews School done no more than 
discover the silver oxide reaction, its name would still deserve to be inscribed in golden letters 
in the records of chemistry.”’ 
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It was some time after the discovery of this reaction that the possibility of applying it to 
fundamental problems of structure in the study of carbohydrates flashed across Irvine’s mind 
while he was engaged on his Doktorarbeit under Wislicenus at Leipzig. Probably the sensitive 
sugars, being polyhydroxy-compounds, could be methylated by this gentle method. The 
resulting substitution of the hydroxyl groups, followed by hydrolysis and examination of the 
methylated fragments, might well supply the missing key to the molecular constitution of 
glucosides, disaccharides, and even polysaccharides. Purdie acknowledged his pupil’s letter 
conveying this idea by a cautionary cablegram, indicative of its profound appeal to him, and to 
a large extent he financed the vigorous work in this new field, which started soon afterwards in 
the St. Andrews laboratory. Such was the origin of the famous carbohydrate research school 
of St. Andrews. 

A short note left by Irvine on this matter of considerable historical importance in organic 
chemistry runs as follows: ‘‘ My interest in the sugars was aroused through a special course of 
lectures given by Professor Hans Stobbe, who used in illustration Emil Fischer’s original 
specimens. The idea occurred to me that the constitution of disaccharides and other compound 
carbohydrates might be solved by methylation, and these suggestions were communicated to 
Purdie in written memoranda. His advice was to complete my German degree and then return 
to St. Andrews (at his own personal cost) to test these ideas. Within a year I had isolated 
trimethyl- and tetramethyl-glucose—the first methylated sugars—and this was the beginning 
of a very fruitful line of work which has had a profound effect on our knowledge of carbohydrates. 
Many collaborators were attracted to take part in this work, among them Professor Sir W. N. 
Haworth, F.R.S., who for a number of years was a lecturer in my Department, and Professor 
E. L. Hirst, F.R.S., who was an undergraduate and later a research student in St. Andrews ; 
also Dr. W. S. Denham, the first to methylate cellulose and to describe 2 : 3 : 6-trimethylglucose.”’ 

The fundamental importance of the new idea soon became manifest, and Purdie made 
available for the work every member of the laboratory that could be spared. It was in the 
midst of this work that he decided, in 1905, to build the new research institute to which reference 
has been made above. When he resigned, not long after the newly-organized department had 
got into working order, the prestige of the St. Andrews school of chemistry had risen so high 
as to attract a strong field of some two dozen candidates for the chair. The later history of the 
school vindicated the wisdom of the electors in their appointment to the vacancy of Purdie’s 
most brilliant pupil, James Colquhoun Irvine, who had meanwhile graduated D.Sc. at St. 
Andrews in 1903. 

And so, from 1909 to 1914, the fourth professor to hold this chair, with a band of enthusiastic 
collaborators changing gradually as time went on, delved ever more deeply into the intricate 
problems of the constitution of sugars. It was pioneer work, the blazing of a trail. The St. 
Andrews school of chemistry consolidated its international reputation. Emil Fischer, the 
Altmeistey of sugar chemistry, sent from Berlin to offer an exchange of research programmes : 
‘‘T wish to avoid any possibility of collision or competition,’’ he wrote. 

In 1915 Irvine was appointed Director of the Chemical Research Laboratories in succession 
to Purdie; but before this his widening interests had found expression in his election as Dean 
of the Faculty of Science in 1912, and as an assessor of the Senatus on the University Court in 
the following year. 

The war of 1914—1918 interrupted the researches on carbohydrates and yet brought the 
experience of the St. Andrews school of chemistry into full play in the production of bacterio- 
logical sugars and related substances required for the military, naval, and other medical services 
of Britain and of certain allied countries. Some of these substances were very scarce, and new 
methods had to be devised for their preparation. Dulcitol, for example, had risen in price from 
65s. per ounce in July 1914, to 300s. in January 1915, being then almost unobtainable. Supplies 
of Madagascar manna had ceased, and the total stock of galactose in Britain amounted only to a 
few ounces. It became necessary, therefore, to take the preparation back to lactose. Before 
long, the combined efforts of about two dozen workers at St. Andrews resulted in weekly 
quantities of 224 grams of pure dulcitol being supplied to the Government; the workers were 
occupied 7 days a week and from 10 to 12 hours a day in accomplishing this important task. 
Work on such indispensable substances as dulcitol, inulin, fructose, and mannitol was followed 
by the complete preparation, in quantity, in the St. Andrews laboratories of novocaine, an equally 

indispensable drug for use in place of cocaine. In addition, much work was carried out on the 
preparation of orthoform. In all, about sixty workers were engaged upon these tasks, the work 
being divided into nine departments, each of which was superintended by two research chemists. 

The chemistry laboratories of the United College were transformed into what was practically 
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a research factory; since numerous operations on a large scale were required, it became necessary 
to install special apparatus and large-scale plant, and also to institute night-shifts. Many of 
the helpers were originally untrained novices, and the success of these arduous labours provided 
a high tribute to Irvine’s powers and zeal. Often working with them far into the night, he stimul- 
ated his collaborators by an unfailing inspiration throughout a formidable undertaking upon 
which he brought to bear great organizing ability, sustained concentration, and a remarkable 
ingenuity of thought and technique. At the end of the war it was generally acknowledged 
among chemists that the St. Andrews Laboratory had made a contribution to the war-effort out 
of all proportion to its size and resources. 

As a matter of historical interest it may here be interpolated that many years afterwards 

Irvine remarked upon the long and tedious series of investigations on the synthesis of novocaine 
that would have been saved at St. Andrews and other centres in Britain, if the easy preparation 
of ethylene chloro- or bromo-hydrin by passing ethylene into chorine water or bromine water 
had been known. In fact, the details of this concurrent work in the Organic Chemistry Depart- 
ment of Sydney University had been sent by the present writer to an authoritative source in 
England and its significance had been completely overlooked. 
iii Some of the methods elaborated at St. Andrews in the course of the work mentioned above 
were successfully operated in factory practice. These war-time tasks, including other very 
difficult and objectionable work on mustard gas, hindered the expansion at St. Andrews of the 
fundamental researches in carbohydrate chemistry. Meanwhile, in 1918, Irvine had been elected 
a Fellow of the Royal Society. In 1919 he was able to return to his interrupted investigations 
in pure chemistry, albeit under heavy post-war handicaps; but in the following year his tenure 
of the Chair of Chemistry came to an end upon his receipt of the Royal Commission appointing 
him Principal of the University. Once more, a generation after Purdie’s accession to the chair, 
in 1884, a turning point had been reached in the history of the University. 

With the appointment of Professor Robert Robinson (1921) as head of the Chemistry 
Department, followed soon afterwards (1923) by another change, carbohydrate chemistry ceased 
to provide the central research theme in the Department. For some time Irvine strove to 
combine his new duties with personal work at the bench; but such a double task soon proved 
to be impracticable. Also he found himself unable to accept the Presidency of The Chemical 
Society, which he was invited to undertake. Nevertheless, valuable investigations in the 
carbohydrate field were continued at St. Andrews for several years under his general supervision, 
and also over a much longer period by G. J. Robertson and J. W. H. Oldham and their collabor- 
ators, as well as by A. Hynd in the Physiology Department. In particular, Irvine and his 
collaborators devoted five years during this period to refuting Pictet’s claim to have synthesized 
sucrose, while at the same time they succeeded in synthesizing zsosucrose. 

Ultimately, as Irvine became increasingly engrossed with administrative work and extra- 
mural interests, his effective participation in carbohydrate research ceased. This recession 
gave him profound regret. To the end, he remained a chemist at heart, and his interest in 
chemical research, especially in the field of carbohydrates, never waned. To the end also, 
every thesis submitted for a St. Andrews doctorate in chemistry passed through his hands and 
received his shrewd assessment. When the General Council of the University wished to recog- 
nize his fifty years’ continuous connexion with the University, he decided upon the annual 
award of an Irvine Jubilee Medal to the most distinguished student in each of the Departments 
of Chemistry in the United College, St. Andrews, and University College, Dundee. He continued 
to take a lively interest in his former Department, although he never allowed that interest to 
operate in any way as a source of undue priority or advantage to it. 

With Irvine’s virtual retirement from active work in the laboratory, the main stream of 
carbohydrate research underwent a diversion from its source in St. Andrews. From St. Andrews, 
W.N. (later Sir Norman) Haworth, who had entered this field of research during his tenure of 
the senior lectureship in the Department, under Irvine, proceeded ultimately to Birmingham 
University, where he was able with numerous collaborators in an extended series of investigations 
to carry the studies of carbohydrate structure far on the way to their logical conclusion. 

A distinguished pupil of Irvine (Professor E. L. Hirst) has said that ‘‘ he was an inspiring 
teacher, and his lectures were models of clearness. More than that, they inspired in the students 
a love of chemistry and gave them a desire to take part in the discoveries that Irvine himself 
was initiating.’’ ‘‘ His lectures were fascinating,’’ wrote another distinguished pupil (Dr. D. 
Traill), ‘‘ and were presented in such a way as to give not only a knowledge of chemistry but a 
ilove of the subject. . . . He taught us more than chemistry, for to scholarship he added wit, to 
knowledge he added wisdom, and to sympathy he added discernment.” 
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Most of the St. Andrews graduates in chemistry of Irvine’s period passed from research into 
industrial chemistry; R. Fraser Thomson and D. Traill—to select two outstanding examples 
from many—have developed researches of the highest value in various industrial fields of 
chemistry. Among those who followed an academic career, C. B. Purves became Professor of 
Cellulose Chemistry at McGill University, Montreal; and E. L. Hirst, distinguished for his 
researches on carbohydrates, and in particular for his outstanding contribution to the molecular 
diagnosis and artificial synthesis of vitamin C, was elected F.R.S. in 1934, and has held in succes- 
sion the chairs of organic chemistry at Bristol, Manchester, and Edinburgh. In 1948, Hirst was 
awarded the Davy Medal of the Royal Society, an honour that had previously fallen to four 
others connected with the St. Andrews school of chemistry, namely, Sir James Irvine, Sir Robert 
Robinson, Sir Norman Haworth, and Sir Robert Robertson. 

Irvine had shown his administrative ability as Professor of Chemistry (1909—1920), as Dean 
of the Faculty of Science (1912—1920), and as assessor of the Senatus on the University Court 
(1913—1920) ; but few suspected the full extent of his latent powers until the broad opportunities 
afforded by his appointment as Principal (1920) and Vice-Chancellor (1921) unfolded themselves 
before him. During his thirty-two years of office in this exalted capacity, the University of St. 
Andrews changed out of all recognition, and he established a reputation as the most sagacious 
and energetic leader that the University had known in its long history of more than five centuries. 
His imprint will undoubtedly remain upon it for centuries to come. That he could have taken 
high office in other spheres, some of them far removed from Scotland, is well known; but, as 
he said, ‘‘ I was in love with St. Andrews, and I was deeply grateful to St. Andrews, which had 
given me exactly the opportunity in life that I wanted. . . . No wonder that I started on my 
task with this deep feeling of gratitude and a fervent desire to do my very best.”’ 

Irvine found himself, a quarter of a century after he had entered its gates, at the head of an 
institution having a dual character, with centres in St. Andrews and Dundee. It wasn institu- 
tion to which, at this crucial point in a history marked by vicissitudes and crises, the emergence 
of a strong and determined leader was vital: in Irvine such a leader was found. The University, 
founded at St. Andrews by Bishop Henry Wardlaw in 1411, contained in that ancient city the 
United College of St. Salvator (1450) and St. Leonard (1512), together with the College of St. 
Mary (1537). University College, Dundee, founded in 1881, had been affiliated to the Univer- 
sity of St. Andrews in 1897, and at the same time a conjoint Medical School was established in 
Dundee. Alli three of the St. Andrews Colleges had been originally residential; but at Irvine’s 
accession residential accommodation in St. Andrews was limited to the large and flourishing 
University Hall for women and a small and somewhat precariously maintained residence 
(Chattan House) for men. 

First and foremost Irvine revived the traditional residential character of the St. Andrews 
Colleges, and in so doing set a pattern of university development which has since been adopted 
so widely. That is one of many examples of his clear vision. ‘‘ It is an arresting thought,’’ he 
wrote in 1950, ‘‘ that the Collegiate system which sprang into being so long ago should have 
survived essentially unchanged throughout the changing centuries and that the model carried 
forward from the Middle Ages by Oxford and Cambridge should have persisted in Scotland, and 
in our own time should have been considered worthy of adoption by the most famous Universi- 
ties of the New World. Beyond question the Collegiate system has been of great advantage to 
St. Andrews, giving the university a characteristic quality denied to her younger sisters and 
binding her sons, now her daughters also, in a corporate life which strengthens their allegiance 
to the University of which Colleges are part.’’ He emphasized in the Dow Lecture, delivered 
on September 2Ist, 1950, that ‘‘ the full opportunities latent in the University could not be 
utilized to the full until Mr. Edward Harkness, who had a special interest in the welfare of the 
United College, made a series of gifts for purposes of his own selection designed according to a 
considered plan. This accelerated our progress beyond our dreams, and the result is the St. 
Andrews of to-day. The major part of the original Harkness donation was devoted by the 
donor to increasing the system of student residences.”’ 

The emphasis laid upon the residential system with its associated Harkness Entrance 
Scholarships, together with the institution of Regents (senior members of staff to whom their 
attached students may report for friendly advice and help), played a leading part in widening 
the field of recruitment of students and in raising their number to an economic level. Hand in 
hand with these developments, new chairs were founded judiciously, as opportunity offered, in 
every faculty of the University, and departmental staffs were augmented. In all directions 
the widening horizon of a resurgent University became evident. 

Irvine cherished the picturesque attributes of his ancient University and drew into practical 
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service the pageantry and colour of the ‘‘ College of the Scarlet Gown,’’ that time-honoured 
College of St. Salvator which had been held in such reverence by innumerable alumni, from 
Napier of Merchiston and the Admirable Crichton, through Montrose and many another 
historical figure down the centuries to Andrew Lang and R. F. Murray, the student-poet. He 
encouraged the revival of the brilliant yearly pageant of ‘‘ Kate Kennedy’s Day,’’ when the 
Lady Katharine (impersonated by a ‘‘ beardless bejant ’’) issues from the portals of Crichton’s 
hoary dwelling in the company of “‘ her’’ uncle, Bishop James Kennedy, the founder of St. 
Salvator’s College; and thereupon entering a garlanded coach, drives in procession through the 
streets of St. Andrews, the central figure in a richly-clad array of kings, saints, prelates, martyrs, 
knights, doctors, masters, and scholars, whose feet once trod the narrow wynds and cobbled ways 
of the ancient city. 

In this and many other ways Irvine fostered the revival of old student customs and traditions. 
He took particular delight in the picturesque ceremonial of graduations and rectorial instal- 
lations. His term of office as Principal was marked in its early stages by a wonderful sequence 
of Rectors in the persons of Barrie, Kipling, Nansen, Grenfell, and Smuts, whose selection for 
this office led in turn to some of his most valued friendships. His affection for the venerable 
foundation of Bishop Kennedy found an expression in the loving restoration and enrichment of 
the collegiate chapel, in 1931; while, in 1940, the ancient Katharine and Elizabeth bells in the 
chapel tower were recast. At the time of his death the restoration of the ruined chapel of St. 
Leonard’s College was also well advanced, thanks to help from the Pilgrim Trust and the 
generous support of the Chancellor’s Assessor, Sir David Russell; the reconsecration took place 
on St. Leonard’s Day (November 6th), 1952. Another notable restoration during Irvine’s period 
of office was that of the handsome historic Parliament Hall of the University Library, which 
was cleared of stacks in 1929 and converted into a Staff reading room. Apart from various 
structural improvements in the building, the Library was completely reorganized and modern- 
ized during the second quarter of the century, and concurrently the magnificent collection of 
nearly 400,000 books, pamphlets, etc., was for the first time adequately catalogued. In all 
these changes Irvine took a lively and helpful interest. 

Towards the end of his career, during a clouded period of his life, Irvine experienced a happy 
interlude on the occasion of a visit of the Queen to St. Andrews on September 20th, 1950, for 
the celebration of the 500th anniversary of the foundation of St. Salvator’s College. Academic 
pageantry, gay heraldic shields and flags, bright autumn sunshine, sparkling sea, invigorating 
air, historic buildings: all helped in the creation of a cavalcade of picturesque scenes, truly 
characteristic of Andrew Lang’s ‘‘ haunted town by the Northern Sea.’’ Many years earlier, in 
1929, Irvine had had the privilege of ‘‘ capping ’’ Her Majesty (then Duchess of York) as an 
honorary LL.D. of St. Andrews, during the ceremony attending her formal opening of the 
Younger Graduation Hall. 

From what has been said it will be evident that Irvine’s principalship was characterized by 
an extensive building programme. The foundation stones of the capacious Graduation Hall, 
presented to the University by Dr. and Mrs. James Younger, of Mount Melville, bear the names 
of Field Marshal Earl Haig (Chancellor), Sir James Irvine (Principal), and Dr. Fridtjof Nansen 
(Rector), with the date November 4th, 1926, when they were laid by those whose names they 
bear. Among student residences, St. Salvator’s Hall dates from 1930, with an extension 
completed ten years later. This Hall, Hamilton Hall (formerly the Grand Hotel), and the en- 
larged St. Regulus Hall, each accommodates about a hundred men students, and McIntosh Hall 
for women students is of about the same size. Several smaller buildings were bought and 
adapted for use as men students’ residences; other houses were acquired and converted into 
flats for members of the staff; and new houses for a like purpose were built in Irvine Crescent. 
A new building had been provided much earlier for the Departments of Botany and Geology; 
moreover, at the time of Irvine’s death there was every intention of pressing forward vigorously 
with the building of the new Irvine Institute for Physics, a development urgently needed in 
order to relieve simultaneously the greatly overcrowded Departments of Physics and Chemistry 
in the United College, upon which there had been no building expenditure for more than a 
quarter of a century. One of Irvine’s last building projects to be realized was the conversion 
of Deans Court, a romantic and historic house facing the ruined Cathedral, into an attractive 
residence for research students of all faculties, to remain open practically throughout the year, 
including vacations. A handsome stone building for accommodating the administrative staff 
was also nearing completion at the end of his régime. Besides all this, the welfare of students 
was enhanced by additions to the Unions and extensions to the playing fields. 

Among many notable advances in the part of the University situated in Dundee were the 
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growth of the Schools of Medicine and Engineering and the expansion of the Chemistry Depart- 
ment of University College. In the period between the end of the second World War and 
Irvine’s death, some £250,000 was spent on science buildings in Dundee. These rapid develop- 
ments in Dundee, combined with the geographical handicaps imposed upon a University with 
centres situated on both sides of the Tay, were bound to give rise to growing pains. Fora time, 
Irvine strove hard to compose these difficulties by accepting additional onerous duties as Princi- 
pal of University College, Dundee (1930—1939). Eventually, however, it was found necessary 
to refer to a Royal Commission the whole problem of the organization of University education 
in Dundee, and its relationship with St. Andrews University. The Commission, which was set 
up in May, 1951, under the chairmanship of Lord Tedder, issued its Report in April, 1952, only 
two months before Irvine’s death. That many of its drastic recommendations came as a 
severe shock to one who had nurtured the growth of the University for more than thirty years, 
cannot be doubted; Irvine questioned with profound misgiving the wisdom of trying to put so 
much new wine into a very old bottle. Yet, in his own words (1950): ‘‘ Let it be an encourage- 
ment and an inspiration to each one of us to reflect that, within the history of our own times, 
obstacles so formidable have been met and surmounted . . . I have faith, unconquered and 
unconquerable, in the beloved University of St. Andrews.”’ 

Irvine's interests and activities, although focused on the University of St. Andrews, spread 
outwards as the years went by. He took a great and practical interest in preserving the histori- 
cal character of the city of St. Andrews, to which he was devotedly attached, as “‘ a gem of the 
North ’’ (to use a term of Earl Baldwin) and a worthy shrine of his beloved University. He 
travelled extensively in Europe, India, the West Indies, the United States, and Canada. It is 
a striking tribute to his versatility that one so devoted to Scotland and so wedded to chemistry 
could render high service to the British Commonwealth in so many lands and offices. Usually 
his travel was determined by some particular mission. For example, he visited India (1936) as 
Chairman of the Viceroy’s Committee on the Indian Institute of Science, and he flew to the 
West Indies (1944) as Chairman of the West Indies Committee of the Asquith Commission on 
Higher Education in the Colonies. Asa result of the latter mission he became a prime mover in 
founding the University College of the West Indies, where the scarlet student-gown of St. 
Andrews may be seen in a new environment. A handsome gift of hundreds of valuable books 
which he made to this College affords a characteristic example of his personal generosity in 
causes arousing his interest and sympathy. The College was founded in 1946, and Irvine made 
further visits to Jamaica in that year and in 1947, 1948, and 1950. On this last occasion he was 
present at the installation of Princess Alice of Athlone as Chancellor, and he laid the foundation 
stone of the first students’ residence, now known as Irvine Hall. The Report of Irvine’s West 
Indies Committee has been called ‘‘ the Bible of the Colonial University world.’’ When the 
Inter-University Council for Higher Education in the Colonies was established in 1946, Irvine 
was naturally chosen as its first chairman. 

Nearer home he rendered invaluable services to the Carnegie Trust, the Scottish Universities 
Entrance Board, the Scottish Education Department, the Forest Products Research Board, the 
Prime Minister’s Committee on the Training of Biologists, the Pilgrim Trust, the Commonwealth 
Fund, and many other educational, cultural, and industrial organizations. 

On the Carnegie Trust he acted as the representative of the University of St. Andrews for 
thirty-two years. As stated in the fifty-first annual report of the Trust (1953), ‘‘ His association 
with the Trust was, in many ways, without parallel. He was the first but one of the Scholars 
elected by the Executive Committee when they began their Research Scheme, and never forgot 
the immense value of this aid received at a time when his powers were ripening. He became 
the personal friend of the founder and to him there was accorded the high distinction in 1935, 
at the great Carnegie Centenary celebrations in New York, of delivering the Memorial Address 
which, in grace of utterance and penetrative thought must always remain the best of all tributes 
to Andrew Carnegie’s ideals and munificence. Possessed of a strong and retentive memory, 
allied to a sound judgment and knowledge of the essential features of the Trust Deed, Sir James 
became an indispensable member of the Executive Committee on all occasions when important 
decisions had to be made. Throughout its fifty-one years the Trust has experienced no loss 
more severe than this.”’ 

In the United States, to which he paid no fewer than ten visits, he was an ever-welcome 
guest. On various occasions he travelled widely in that country and delivered special lectures 
and eloquent addresses, as at Williamstown (1926), Princeton (1929), Yale (1931), New York 
(1932), and again at Princeton on the occasion of the bicentenary celebrations of that University 
in 1947. He was a fervent admirer of Benjamin Franklin and other great Americans. His 
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transatlantic reputation was so high that, had he so wished, he could almost certainly 
have become president of one of the great universities of the United States. His faculty of 
getting quickly upon terms with all sorts and conditions of men, and of entering easily into 
their interests, appealed greatly to the Americans. Among them he made many lasting 
friends, of whom perhaps the greatest was Edward Harkness. An intimate picture of the 
inception and growth of that friendship was given in The Times of June 30th, 1952, by Mr. 
Willard Connely : 

‘““On December 11th, 1930, Sir James Irvine, after lunching with me as director of the 
American University Union in London, told me how he came to meet Edward Harkness. It 
was in 1925 that Harkness sent his old Yale friend, the late Max Farrand, to London to found 
the Commonwealth Fellowships. Farrand invited certain universities, and groups of universi- 
ties, to nominate representatives to meet him in London and discuss the scheme. Oxford, 
Cambridge, and London of course all sent delegates, while Irvine represented Scotland. After 
Farrand, in a little talk, had informed the meeting that Harkness was providing 20 annual 
Fellows, the Oxford representative stood up and said: ‘ I think Oxford could fairly lay claim to 
six of these fellowships.’ The man from Cambridge naturally arose (in his proper turn) and said 
the same.thing. Nor was the delegate even from London University to be outdone; he 
doughtily put in for a third allotment of six fellowships. Irvine got to his feet. ‘ Gentlemen,’ 
said he, ‘ I see that the number to be assigned to Scotland is minus four.’ 

‘The next thing Irvine knew was that a note was handed to him by an attendant. It was 
from Farrand, and it read: ‘ Will you lunch with me after the meeting?’ Irvine nodded. 
Farrand, in consequence of this private talk, was inclined to make Irvine chairman of the British 
committee; but Irvine sagaciously suggested another arrangement. His view was that the 
chairman should be the chairman of the University Grants Committee, while Irvine himself 
would agree to be permanent vice-chairman, and four or five other members should be appointed 
for short terms from the universities in rotation. To all this Farrand acceded (as Farrand 
himself jovially repeated to me after he had become director of the Huntington Library), 
acceded so far that he in due course brought about a meeting between Irvine and Harkness 
himself, 

“The impression that Irvine made upon the American philanthropist was so convincing 
that Harkness in the spontaneous and fearless American way suggested that they call each other 
‘Ed’ and ‘ Jim.’ Irvine told me (at the same time after lunch) that one day in late summer, 
when he was a guest of Harkness at his country house overlooking Long Island Sound, and they 
were lying on the beach in their bathing-suits, Harkness suddenly said he wished to establish a 
further charitable fund in Britain out of gratitude for his own lineage. He asked Irvine to 
suggest trustees, and asked, ‘ Who is the most influential figure in English life to-day?’ Irvine 
promptly replied: ‘ Stanley Baldwin.’ Harkness accepted him, and asked for other nomina- 
tions. Irvine named Lord (then Mr.) Macmillan, and Lord Tweedsmuir (then Mr. John Buchan). 
Harkness agreed, and wanted one more; to make, with Irvine, of course, a committee of five. 
Irvine suggested Montagu Norman (to advise on investments of the fund, just as Buchan was 
to look after publicity). ‘ No,’ said Harkness, ‘ I don’t want any bankers.’ Irvine then named 
Josiah Stamp; and the committee (consisting of three and one-half Scots, Baldwin’s mother 
being Scottish) was complete. So it was that Harkness formed the Pilgrim Trust, and endowed 
it with $10m.” 

Irvine quickly established himself as an influential member of the Pilgrim Trust, that 
conception of enthralling originality and attraction (as the late Lord Macmillan termed it) which 
has meant so much, both materially and socially, to Britain. In particular, Irvine’s acute and 
penetrating intellect, his sagacity, and his gift of concise and telling statement, enabled him to 
deliver judgments of great service in deliberations upon the multifarious appeals coming in to 
the Trust from so many quarters. One of the last projects that he commended to the Trust 
concerned the publication of a noteworthy book, Recording Scotland, which was issued (1952) as 
a result of aid obtained in this way. 

He spared no efforts in deciding upon the merits of a particular case. I remember calling 
his attention in 1932 to the urgent needs of the ancient church of Westonzoyland, in Somerset, 
which had fallen into serious disrepair. He was much impressed by the magnitude of the fund 
that had been raised in the small local community, for he had a strong belief in self-help; but he 
seized at once upon the vital point that nothing could be done unless a specific case could be 
made out for this particular building. Upon hearing of its close connection with the Battle of 
Sedgemoor and its character as the virtual ‘‘ cathedral ’’ of that historic region, his serious atten- 
tion was aroused. During a holiday in the West Country in the summer of that year he under- 
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took with me a long journey in order to make an anonymous visit to the church. He was satis- 
fied, and told me that he would commend its claim to the Trust. Then, he added, quizzically : 
‘‘ Now, at last, I hope that the Westonzoyland cricketers will forgive you for bringing off those 
two hat-tricks against them in your youth! ”’ 

Irvine's services to the Commonwealth Fund were equally valued. Ina letter to the present 
writer, dated August 28th, 1952, Mr. Malcolm P. Aldrich, President of the Commonwealth 
Fund, wrote: ‘‘ Sir James Irvine was one of the original members, and later for many years 
Vice-Chairman, of the Committee of Award for the Commonwealth Fund British Fellowships ; 
and for his zealous devotion in this activity the Fund owes him a great debt of gratitude. A 
close friend of Mr. Edward S. Harkness, first President of the Commonwealth Fund, Sir James 
shared with him a deep concern for the cementing of close relationships between Great Britain 
and the United States. He took infinite pains in the interviewing and selection of candidates 
for the Fellowships, followed with personal interest their progress in American Universities, and 
delighted in helping returned Fellows to find posts for which he knew they were best fitted. He 
left the imprint of his vibrant personality on our Fellowship programme. Sir James was 
associated also with other interests of Mr. Harkness in Great Britain, serving as a member of 
the Board of Trustees of the Pilgrim Trust and as an adviser on Mr. Harkness’s gifts for the 
erection of St. Salvator’s Residence Hall and the restoration of the Chapel of St. Salvator at 
St. Andrews. 

Mr. Harkness’ gifts to the University of St. Andrews, amounting altogether to more than 
£200,000, were devoted to these objects and to the Foundation of Harkness Entrance Scholar- 
ships for men students. The donor laid down specifically, in a letter to Irvine, dated October 
20th, 1939, ‘‘ that the Harkness benefactions are applicable only to purposes associated with 
the United College in St. Andrews.’’ The University’s greatest benefactor is appropriately 
commemorated by the Harkness windows in the Chapel of St. Salvator and St. Salvator’s Hall. 
His portrait, depicting him in the doctoral robes of St. Andrews University, hangs in the United 
College Hall. This portrait, together with Oswald Birley’s portrait of Irvine (1933), was 
presented to the University in 1933 at a ceremony presided over by the Chancellor, the 
Rt. Hon. Stanley Baldwin. Birley’s portrait of Irvine hangs in the Senatus Room beside that 
of his teacher, predecessor, and friend, Thomas Purdie. There are later portraits of Irvine by 
Keith Henderson (1941) and A. E. Borthwick : the former is in the possession of the University 
and hangs in the dining-room of St. Salvator’s Hall. 

Irvine’s long term of office as Principal saw the installation of four Chancellors and ten 
Rectors of the University of St. Andrews. At what proved to be his last graduation ceremony, 
conducted in the Parliament Hall of the University Library in January, 1952, he remarked that 
it was approximately the hundredth such ceremony at which he had presided. ‘‘ We remember 
him,’’ wrote Mr. D. N. Lowe, a former President of the Men Students’ Union (1933—1934), ‘‘ as 
Vice-Chancellor on formal occasions, at Graduations, Rectorials, and the like, a dignified and 
genial personality performing with grace and charm the time-honoured ritual of academic 
ceremonial. We recall the well-modulated voice delivering addresses marked by eloquence and 
wisdom and the warm humanity that marked all his relations with students.’’ The circum- 
stance that most occasions of this kind were graced by the attendance of honorary graduands 
and other eminent visitors contributed largely to Irvine’s aquaintance with so many of the 
outstanding men and women of his day. Indeed, from the time of his taking office as Principal 
until the outbreak of the Second World War, St. Andrews witnessed a recurrent procession of 
great figures in the worlds of science, art, music, literature, drama, the Church, the Services, 
business, exploration, and many other fields of human endeavour and activity. Those were 
spacious days, which in retrospect appear as a Golden Age of high pageantry, rectorial banquets, 
and brilliant social gatherings at the Principal’s House. In this picturesque and important 
part of his duties, and in innumerable other ways, Irvine was sustained by his gracious and 
dignified consort. During his student days in Leipzig he had become acquainted with a son 
and daughter of Mr. John Williams, of Dunmurry House, County Antrim. Robert Williams 
was studying the language and eventually became Professor of German in the University of 
Cambridge. His sister, Mabel Violet, was engaged in the study of piano and violin at the 
Leipzig Conservatorium of Music, under Hans Sitt, and Siloté, Court pianist at St. Petersburg. 
In 1905, James Colquhoun Irvine, by this time a lecturer under Purdie at St. Andrews, and 
Mabel Violet Williams were married. So began an influence of inestimable worth, that ran 
through his life and labours like a thread of gold. From that time onwards he was blessed with 
the unfailing devotion of one who created and maintained for him the background of a home 
life of surpassing happiness. Here he never sought in vain for help and inspiration; here he 
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found wise and sympathetic counsel amid doubts and difficulties; and here was ever comfort 
in the days of affliction that did not pass him by. 

Of the three children of the marriage—one son and two daughters—-the two elder (Veronica 
and Nigel Colquhoun) became graduates of St. Andrews University. After four years of arduous 
and distinguished service in the Royal Navy during the Second World War as a Lieutenant, 
R.N.V.R., their beloved son Nigel was accidentally drowned in 1944, while on short leave from 
his ship in Ceylon. 

Irvine was awarded many honours. He was elected a Fellow of the Royal Society in 1918, 
and was knighted in 1925; in 1948 he became a Knight Commander of the Order of the British 
Empire. In chemistry he was Longstaff medallist of the Chemical Society, Davy medallist of 
the Royal Society (1925), Willard Gibbs medallist of the American Chemical Society, Elliott 
Cresson medallist of the Franklin Institute of Philadelphia, and Gunning Victoria Jubilee 
Prizeman of the Royal Society of Edinburgh. As a recognition of his services to Polish and 
Norwegian Forces in Scotland during the Second World War, he was invested with the Order 
of Polonia Restitua (Officer, Grand Cross), 1944, and the King Haakon Cross of Freedom (First 
Class), 1946. His numerous honorary degrees from the universities of the homeland, the 
British Commonwealth, and the United States, included the LL.D. of Glasgow, Aberdeen, 
Edinburgh, Wales, Toronto, Union College Schenectady, Columbia, and New York; the D.Sc. 
of Liverpool, Princeton, and McGill; the D.C.L. of Oxford and Durham; and the Sc.D. of 
Yale, Princeton, and Cambridge. He was a Freeman of the City of St. Andrews and an 
Honorary Member of the American Chemical Society, the American Philosophical Society, and 
the Franklin Institute of Philadelphia. 

It is difficult to do justice in words to Irvine’s many-sided character and personality. To 
quote the Rev. Dr. W. E. K. Rankin: ‘‘ When we have said that there was the scientist and 
administrator and statesman, we have still omitted the dimension that truly separated and 
distinguished Irvine. It was something almost contradicting the rest of the man. He was 
practical, level-headed, far-sighted, and determined, and with it he was a Romantic and 
genuinely so.’’ A richly-stored mind found expression in speech that could attain a rare 
eloquence and charm, whether at great moments or upon more intimate and informal occasions. 
A fellow-student, the Rev. Dr. George Blair, has testified that even in his teens he was possessed 
of ‘‘ a vivid personality, with a grace of conversation that at once made him a centre of life and 
interest in any company into which he came.’’ The same early friend has remarked upon his 
possession to a remarkable degree of ‘‘ the priceless gift of mimicry,’’ which never deserted him. 
He had also a pronounced rhyming facility, which he used effectively upon occasion in the 
impromptu production of amusing light verse. 

Irvine was an admirable chairman, ever ready to lighten the routine of business with an apt 
anecdote or reminiscence, of which he preserved an inexhaustible store. Persuasive in argument, 
tenacious of opinions carefully formed, he showed the greatest determination and forcefulness 
in carrying through a project passionately held. ‘‘ In the private sessions,’’ wrote Sir Raymond 
Priestley, ‘‘ when principles and practice were both threshed out, Irvine’s urbanity was 
invaluable and his own firm opinions were a source of strength.” 

It was inevitable that a man of Irvine’s force of character and clear-cut views should meet 
at times with criticism and opposition concerning policy. Differences of opinion and opposition 
are understandable; but they should not have degenerated into the nagging hostility that he 
had to face from some quarters over a long period, lasting without intermission until his death. 

Irvine had a remarkable power of lucid exposition and of reducing a complicated problem 
to its essentials ; at the same time he had an equally remarkable memory for details of all kinds. 
His recollection of the details of casual incidents was of the photographic type. Only two days 
before his death, during the luncheon interval of his last University Court Meeting, he spoke 
to me of a day spent many years before at Bicknoller, in the Quantock Hills, and specified 
minutely the circumstances of his meeting at a farmhouse with an unknown stripling then in 
his ’teens, but later destined to become a shining light in the world of cricket. Here also was an 
illustration of Irvine’s abiding interest in radiant youth and in games, athletics, and sports of 
all kinds. He maintained his own proficiency in tennis, golf, and swimming until fairly late 
in life, and he was passionately fond of fishing. He read extensively and took a particular 
interest in accounts of polar exploration. 

All through his life he had a discerning sympathy with youth. He would sometimes pause 
at his desk in the midst of the weightiest matters in order to write a charming letter of encourage- 
ment or of congratulation to a youthful acquaintance: from him came many kindnesses of 
which the world knew nothing. In himself he preserved until the end a certain element of 
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spiritual boyishness, allied closely with his eager zest for new knowledge and fresh experiences. 

All his doings were marked by thoroughness and attention to detail. He left nothing to 
chance that could be controlled. Important ceremonies were always rehearsed in situ, any 
absent participant being represented by an understudy. Speeches on formal occasions were 
carefully cut to length. Sometimes the restrictions smacked of severity, but it was rarely 
possible to secure any remission. I recall that at the Smuts Rectorial Banquet, given in the 
United College Hall on October 17th, 1934, I was charged with the task of delivering the toast 
of ‘‘ The Honorary Graduates.’’ These were six in number including General Smuts himself, 
a highly-placed nobleman of the royal blood, an overseas Prime Minister, a member of the 
Cabinet, a Scots Lord, and an eminent scientist. The instruction was to say something apposite 
about each, and to lighten the proceedings with a telling anecdote—time allowed, five minutes, 
extended very reluctantly, after repeated expostulation, to seven! Then, when it was all over, 
came a graceful note of appreciation and thanks. 

Irvine’s capacity for work was amazing. He never spared himself in the interests of any 
cause that he had at heart. It was next to impossible to persuade him to relax, even after the 
serious illness that struck him in 1951. To his close friends it was clear that he would die in 
harness, expending his last energies in the service of the University for which he held a deep 
and abiding love, tinged so often with a romantic and mystical quality. He presided at a pro- 
longed meeting of the University Court on June 10th, 1952, and died two days later. His death 
ended an epoch; but that epoch will live for all time in the history of St Andrews University. 

In 1950 Irvine wrote: ‘I find myself—a twentieth-century scientist—gazing across the 
chasm of five hundred years to a strange remote world and am conscious afresh of a feeling which 
never entirely escapes me that, as the thirty-fourth Principal of St. Salvator’s College, I am 
privileged to share in the inheritance of a solemn trust; at once I am brought face to face with 
the question if the duty committed to that long succession of Masters has been faithfully 
discharged.’’ The answer is clear to those who knew him; it will be even clearer to posterity. 

His brother Principal, Sir Hector Hetherington, of Glasgow University, wrote of him: 
‘‘ Sir James Irvine will not be forgotten as long as the University of St. Andrews endures. He 
was its Principal for more than thirty years; he is now one of the commanding figures of its long 
history. To him, far more than to any other, the University owes the remarkable enlargement 
of its academic resources and the seemly beauty of its material estate. He loved St. Andrews 
with all the strength of an eager and generous heart, and gave to it the full service of his 
powers. 

‘“‘ And those powers were great. He had come, early in life, to high distinction in his chosen 
field of chemistry. Maybe it was part of the secret of his long enduring energy and freshness 
of mind that he never ceased to be a scientist. But as well he loved books and letters of all 
kinds; he had a quick imagination and an instructed pleasure in painting and architecture; he 
was a great traveller and a delightful companion. 

‘He could meet all sorts of people on the level of their own pursuits, and in turn engage 
their interest in his. So he made friends for himself and for his University, and for many other 
good causes. He was able to communicate to others—notably, for example, to his friend, Mr. 
E. S. Harkness—the visions which possessed his own mind; and, when thereby he had won 
the means of action, he spent with admirable economy and effect. 

“Through St. Andrews, through the Universities Entrance Board, through the Carnegie 
Universities Trust, he influenced strongly the whole course of university and secondary school 
education in Scotland—and farther afield as well. He had close associations with many leaders 
both of thought and of affairs—he had an important share in making and administering enter- 
prises like the Pilgrim Trust and the Commonwealth Fund Fellowships. And characteristically, 
in recent years, he had turned to constant and unsparing service for the new universities of the 
Commonwealth overseas. There, too, he will be remembered. 

‘““ It were easy to catalogue James Irvine’s deeds and achievements, though the list would 
be long. It points to some elements in the man which derived from his essential being, to his 
quite unshakable industry—in all the many years of meetings, I never knew him otherwise 
than perfectly prepared, armed at every point—to his skill and persuasiveness in discussion, to 
his great powers of orderly and consistent administration. It were harder to describe the inward 
man—the scientist at odds sometimes with the impulses of the artist, the dreamer instant in 
action, well able, if need be, to be ruthless, ambitious yet controlled by the purposes and values 
to which he had given his allegiance, and withal of a tender heart. For myself, I think of him 
always as host and friend and counsellor, in his own home, which was the centre of all he did. 
It was a home of great beauty and of happiness unclouded until the war brought the heaviest 
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of sorrows. Thereafter, for him and for Lady Irvine, the brightness of the day had passed. 
Life could never again be what it had been; and advancing years brought some measure of 
bodily disability. But all was borne with the noblest courage; there was no faltering in-duty 
or in affection. We who loved them give thanks for a life full of action and of service, for 
a home which felt the best that mortal man can know, for a splendid achievement, and for a 
quiet end.”’ 
RESEARCHES IN CARBOHYDRATE CHEMISTRY 

Irvine’s outlook in science was essentially that of a pioneer blazing new trails and it so 
happened that the circumstances at St. Andrews when he began research work were such that 
he could give full play to his great powers. Thomas Purdie had published in 1899 an account 
of his work with Pitkeathly on the alkylation of alcoholic hydroxyl groups by the use of silver 
oxide and an alkyl iodide, and Irvine’s first paper, also in 1899, dealt with the rotatory powers of 
the optically active methoxy- and ethoxy-propionic acids prepared from lactic acid, a subject 
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to which he returned later (1906) when he used the methylation procedure to obtain proof 
of the efficacy of a resolution of (-+)-lactic acid by way of the morphine salt. Irvine quickly 
realized the implications of Purdie’s discovery and while still working for his doctorate 
at Leipzig he formulated a scheme of research by which the new technique could be used to 
attack structural problems in the field of carbohydrate chemistry. The significance of Irvine’s 
contributions to this subject can be gauged by recalling the position reached at the time when he 
began his work. The importance of the carbohydrate group was recognized by both chemists 
and biologists, and spectacular advances in the chemical side had been made by Emil Fischer 
during the closing years of the nineteenth century. Despite his genius, however, many 
fundamental structural problems remained unsolved and suitable methods of investigation 
were not available. Fischer was turning his attention to other topics, and it appeared 
that for the time being a limit had been reached in structural work on the carbohydrate 
group. It was Irvine’s great achievement to see that Purdie’s alkylation process provided a new 
technique which could be applied in structural work in all branches of sugar chemistry. Indeed, 
so powerful and far-reaching has the methylation method proved to be that its usefulness is by 
no means exhausted after half a century’s exploitation by workers in chemical schools in all 
parts of the world. When Purdie and Irvine first used the reaction, little was known with 
certainty of the detailed structure of the simple sugars, and still less about the disaccharides 
and polysaccharides. Irvine realized that the transformation into stable methyl ethers of the 
reactive hydroxyl groups present in the sugars provided a method by which the next stage in 
the development of carbohydrate chemistry could be initiated, and he indicated how the 
procedure could be used to determine the nature and position of the linkages in the disaccharides 
and polysaccharides. 

Such a programme could not be carried through until an adequate number of reference 
compounds became available, and from 1900 onwards he undertook a systematic study of the 
fully and partly methylated derivatives of the sugars. Purdie and he reported on the alkylation 
of sugars at the Belfast meeting of the British Association for the Advancement of Science in 
1902, and at the following meeting in 1903 they contributed a note on applications of the method 
to the disaccharides. Much of the early work was concerned with the methylation of the 
methyl glycosides of the sugars, in which the highly reactive reducing group is protected. The 
solubilities of the unsubstituted reducing sugars in non-aqueous solutions are unfavourable and 
in such cases the early stages of methylation had to be carried out in the presence of water. In 
these circumstances considerable oxidative degradation took place, but this could be avoided 
by starting with the methyl glycosides. For instance methylation of «-methyl glucoside (I) in 
methyl alcoholic solution gave a methyl trimethylglucoside (II) which on further methylation 
in methyl iodide was transformed into «-methyl tetramethylglucoside (III). This on hydrolysis 
yielded the important crystalline reference substance tetramethylglucose (IV), the properties of 
which were closely studied. §-Methyl tetramethylglucoside was in a similar way prepared 
from $-methyl glucoside, and this substance was shown to be identical with a crystalline com- 
pound obtained by the direct alkylation of tetramethylglucose. From tetramethylglucose the 
corresponding tetramethylgluconolactone (V) was obtained on oxidation, and this group of 
transformations provided the strongest experimental evidence then available of the correctness 
of Fischer’s formulation of the methyl glucosides. 

The methods applied to the preparation of alkylated glucose derivatives were used for the 
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production of similar compounds from other sugars. These included «- and $-methyl tetra- 
methylgalactosides and tetramethylgalactose ; also «- and 8-methyl tetramethylmannosides and 
tetramethylmannose. Workers at St. Andrews continued the story with investigations on the 
methylated derivatives of an aldopentose (arabinose) and a methylpentose (rhamnose). These 
sugars behave similarly to glucose, but in these early days considerable difficulties were encoun- 
tered in the methylation of fructose. It was found, however, that a crystalline tetramethyl- 
fructose could be isolated, and many years later (1922) it was shown that crystalline tetramethyl- 
fructose could be obtained in good yield by methylating the 8-methyl fructoside described by 
C. S. Hudson. 
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The methylated derivatives of sucrose and maltose were chosen as examples of the applic- 
ation of the methylation process to non-reducing and reducing disaccharides, respectively. 
Methylation of sucrose was first carried out in aqueous methanol, then in methanol, and finally 
in methyl iodide. Octamethylsucrose was thereby obtained, and this substance gave on 
hydrolysis a mixture of tetramethylfructose and tetramethylglucose, from which the latter was 
separated in a crystalline condition. The structure of the fructose portion remained a mystery 


for many years, but the work was of special importance in that it provided experimental proof 
of the correctness of Fischer’s formula (VI) for sucrose in so far as the glucose half is concerned. 


l eo 
HO-CH,°C-CH (OH)*CH(OH)-CH-CH,OH 
O 


CH-CH(OH)-CH(OH)-CH-CH(OH)-CH,-OH 
—O 
(VI) Fischer’s formula for sucrose. 

The reducing group present in maltose introduced difficulties, and methylation of the free 
sugar by Purdie’s reagents could not be effected without oxidation of the aldehydic group. The 
methylated derivative gave, on hydrolysis, a mixture of products, amongst which was crystalline 
tetramethylglucose. Now Fischer had suggested that the mode of linkage of the glucose 
residues in maltose might be either of acetal or of glucosidic type. In the latter case the molecule 
of maltose could be represented by (VII). Whether the linkage is glucosidic or acetal in type 

CHO*(CH-OH),CH,-O-CH-(CH-OH],CH-CH (OH)-CH,-OH 
L__o (VII) 
the potential aldehyde group would undergo oxidation. On the other hand, the second glucose 
residue would appear (after alkylation and hydrolysis) as pentamethylglucose in the case of an 
acetal linkage, or as tetramethylglucose if the linkage is glucosidic. It followed, therefore, that 
maltose must contain the glucosidic type of linkage. 

Another interesting development in the disaccharide field came with the synthesis of a non- 
reducing disaccharide by the condensation of two molecules of tetramethylglucose in a non- 
aqueous solvent under the catalytic influence of hydrogen chloride. The material so obtained 
was probably a mixture of the three stereoisomerides (««, 88, and «8 varieties) which can be 
represented by the formula (VIII). It was the first recorded instance of the synthesis of a 
derivative of a non-reducing disaccharide. 
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* The ring structures shown here and elsewhere in this notice are those depicted in the original 
Since that time it has been ascertained that the stable forms of the sugars contain 
1; 5- instead of 1 : 4-oxide rings. 
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The methylation procedure was employed also in investigations into the structure of many 
sugar derivatives. An early example of this was a proof of the structure of the naturally 
occurring glucoside salicin. This gave on methylation a crystalline pentamethyl derivative 
(IX), hydrolysis of which, unfortunately, yielded only intractable resinous materials. Never- 
theless, the desired proof of structure was obtained by synthesis. Saligenin and tetramethyl- 
glucose were heated in benzene containing hydrogen chloride, and the resulting syrupy glucosidic 
condensation product was methylated, giving the same crystalline pentamethylsalicin which 
was obtained from the natural product. Salicin, therefore, is structurally similar to the methyl 
glucosides obtained by condensing a sugar with methy! alcohol. 


MeO-CH,°C,H,*O-CH:[CHOMe],°CH-CH (OMe)CH,*OMe 
\__9—_l 
(IX) Pentamethylsalicin. 


Compounds of sugars such as anilides and oximes had long been considered to be derived 
from the aldehydic form of the sugar, but a study of the anilide (X) obtained from tetramethyl- 
glucose showed that it exists in two forms and must possess a ring structure analogous to that 
of the methyl glucosides. 

MeO-CH,*CH(OMe)-CH-[CH-OMe],-CH:NHPh 
Ln teeilioleinens (X) 
O 
Similar conclusions were reached concerning glucose oxime which, on methylation, gave 
tetramethylglucose oxime methyl ether (XI). 
MeO-CH,CH(OMe)-CH-[CH-OMe],*CH-NH-OMe 
ee ae (XI) 


At a very early stage Irvine realized the importance of the partially methylated mono- 
saccharides as reference compounds which would be required in the course of work on the com- 
plex sugars. Various methods were used to effect syntheses by which methyl groups were 
established in known positions in the sugar molecule, and the quest thus started is by no means 
at an end, even after 50 years of endeavour on the part of many groups of chemists. Methyl- 
ation of benzylidene and isopropylidene derivatives of sugars containing one or more free hydroxyl 
groups, followed by removal of the benzaldehyde or acetone residues, provided a practicable 
route, and the results obtained up to 1911 were summarized by Irvine in the following table, 
which is taken verbatim from the ‘‘ Memorial Volume of Scientific Papers,’”’ published in connexion 
with the celebration of the Five Hundredth Anniversary of the founding of the University of 


St. Andrews. 


No. of 
methoxyl 
Condensed sugar groups Groups removed by Methylated sugar 
derivative introduced hydrolysis derivative 

Glucose diacetone .... 2 Mols. acetone Monomethyl glucose 
Benzylidene-a-methyl glucoside Methyl alcohol and benzaldehyde Dimethyl glucose 
Glucose monoacetone . 1 Mol. acetone Trimethyl glucose 
Fructose diacetone 2 Mols. acetone Monomethyl1 fructose 
Rhamnose monoacetone 1 Mol. acetone Dimethyl rhamnose 
Mannitol monoacetone ............ 1 Mol. acetone Tetramethyl mannitol 
Mannitol diacetone 2 Mols. acetone Dimethyl mannitol 
Glycerol monoacetone 1 Mol. acetone Monomethy] glycerol 


mom De who 


These investigations involved detailed studies of the acetone derivatives of the sugars, and 
although much was learned in this difficult field, in many instances exact structural formule 
could not be assigned until the nature of the ring systems present respectively in the stable and * 
labile forms of the sugars became known in later years. It is to be remembered that Irvine 
was very early in the new field opened up by Fischer’s discovery of the reactive ‘‘ y ’’-methyl 
glucoside ; and the methylation of this material, and of analogous ‘‘ y’’-methyl glycosides 
prepared from other aldoses and ketoses was studied in the St. Andrews laboratories. 

Another important problem in the monosaccharide group investigated by Irvine was the 
constitution of natural chitosamine (p-glucosamine). This work is presented in a group of 
papers published before and after the 1914—1918 war. Besides studying the properties of 
derivatives such as benzylidene and salicylidene methyl glucosamine, he endeavoured to obtain 
evidence concerning the stereochemical configuration of the C,.-amino-group. Conflicting 
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opinions were held as to whether the substance was a derivative of glucose or mannose, and 
Irvine showed that glucosamine could be transformed at will into glucose or mannose. The 
former is obtained from p-glucosamine hydrochloride via the methyl 2-amino-2-deoxyglucoside 
hydrochloride, which yields a dimethylamino-derivative. This loses the substituted amino- 
group when heated with barium hydroxide, and the product on further methylation yields 
methyl tetramethylglucoside. The second series of reactions proceeds via benzylidene-2-amino- 
2-deoxyglucoside methyl hydrochloride, which gives a benzylidenehexose, and this, on hydrolysis, 
gives rise to D-mannose. Walden inversion was held to be more likely in the second series of 
transformations, and Irvine inclined to the view that chitosamine was in fact p-glucosamine, 
but the decision had to be left open until many years later when unequivocal proof of the 
glucosamine structure was obtained by entirely novel methods of enquiry. 

It had been clear from the beginning of the carbohydrate work at St. Andrews that the final 
goal was the application of the new methods to structural studies in the fields of the oligo- 
saccharides and the polysaccharides. The Purdie method of alkylation was both difficult and 
tedious when applied to materials like starch and cellulose, and W. S. Denham, working in 
Irvine’s laboratory, found that methyl sulphate and sodium hydroxide could be used as methyl- 
ating agents in such cases. He obtained a partially methylated derivative of cellulose from 
which he isolated, after hydrolysis, a trimethylglucose which carried the methyl groups at 
positions 2, 3, and 6. This 2: 3: 6-trimethylglucose soon proved to be an all- 
important reference substance. 

At about the same time (1912—-1913), W. N. Haworth (later Sir Norman 
Haworth, F.R.S.), then a member of the staff at St. Andrews, became in- 
terested in carbohydrate chemistry. He showed that methyl sulphate and 
alkali could be used also for methylating reducing sugars, the reactive re- 
ducing group being transformed smoothly and without decomposition into the 
Tidasatnaaacaial methyl glycoside. The new procedure was rapid and convenient, and was 

’ “applied by Haworth and his St. Andrews collaborators to sucrose, lactose, 
maltose, cellobiose, and raffinose. 

Irvine, at this point, tended to concentrate more on the polysaccharide group, and he began, 
with Miss E. S. Steele, a series of studies on the chemistry of inulin. The methylated derivative 
was prepared and hydrolysed, and the trimethylfructose thereby obtained was recognized as a 
derivative of ‘‘ y’’-fructose. Investigations were undertaken also into the structure of cellulose, 
in the course of which the quantitative transformation of the polysaccharide, via its triacetyl 
derivative, into methyl glucoside was effected. Further studies of trimethylcellulose, which 
had first been prepared by W. S. Denham, were made, and it was shown that this substance 
gives rise almost quantitatively on hydrolysis to 2: 3: 6-trimethylglucose. It followed that 
cellulose itself must be composed almost exclusively of residues of glucose in which the hydroxy] 
groups at C,,), Cig, and C,,) were not involved in the linkages between the glucose molecules. 
Pioneering work was carried out on the structure of starch, in the course of which starch and 
certain of its degradation products were methylated and the methyl derivatives subjected to 
hydrolysis. Again 2: 3: 6-trimethylglucose was identified as the main product, and, in view of 
the close relationship between starch and maltose, these studies involved a reconsideration of 
the structure of this disaccharide, the methylated derivative of which was at that time thought 
to yield 2: 3: 4-trimethylglucose on hydrolysis. Proof was obtained that octamethylmaltose 
yields, in fact, 2: 3: 6-trimethylglucose, and the isolation of the latter sugar from trimethyl- 
starch became readily understandable. 

At this period also (1923 onwards), the difficult question of the nature of the ring systems 
present in the normal and ‘‘y’’-forms of the sugars was resolved, and it became possible to 
ascribe much more definite structural formule tv the various simple and complex sugars and 
their derivatives. Work carried out in St. Andrews demonstrated the presence of the 1: 5 
(“‘amylene oxide ’’)-ring structure in the aldopentose sugar xylose (Hirst and Purves), and 
proof of the six-membered oxide ring structure in derivatives of normal glucose soon followed. 
The quest was eagerly pursued in St. Andrews and in other laboratories, notably by Sir Norman 
Haworth’s school at Birningham, and by 1927 generalizations concerning ring structures had 
become possible. 

Irvine had always been specially interested in sucrose, and he devoted much attention over 
a period of several years to attempted syntheses of this important sugar. With J. W. H. 
Oldham and other collaborators he examined with meticulous thoroughness the condensation of 
glucose with derivatives of fructofuranose, but in no case could any trace of sucrose be detected, 
a conclusion which has been amply confirmed by subsequent investigators. Pictet’s claim to 
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have synthesized sucrose could not be substantiated, but the St. Andrews workers succeeded 
in synthesizing an isomeride which differed from sucrose in the stereochemical arrangement of 
the glycosidic links. 

It was inevitable that Irvine had progressively less time to devote to chemical research once 
he had taken over the onerous duties of Principal and Vice-Chancellor in 1921. Nevertheless, 
his interest in carbohydrate chemistry never diminished, and much important work in this field 
continued to be published from the St. Andrews laboratories, notably by G. J. Robertson, 
J. W. H. Oldham, A. Hynd and their collaborators. It was also characteristic of Irvine that 
only a few days before his death he was busy propounding long-term schemes of research on 
possible developments of carbohydrate derivatives for use in chemotherapy. 

Irvine’s pioneering activities covered a wide range of problems in carbohydrate chemistry. 
His work throughout was characterized by originality of thought and clearness of vision. His 
scientific publications reveal the elegance and forcefulness of style which is evident in all his 
writings. The ideas he put forward have been singularly fruitful and the achievements of the 
small band of research workers who began their studies in St. Andrews under his leadership 
half a century ago have instigated chemists in all parts of the world to carry out the ever- 
increasing volume of work which has built up the imposing edifice of carbohydrate chemistry 
as we know it to-day. 


Grateful acknowledgments are due to Professor E. L. Hirst, F.R.S., for the section of this 
notice on researches in carbohydrate chemistry; to Sir Hector Hetherington for his tribute, of 
which the first draft appeared in the Glasgow Herald of June 13th, 1952; and to Dr. Ettie S. 
Steele for help with a bibliography. 

JOHN Reap. 


LAWRENCE JOHN LERMIT. 
1916—1953. 


LAWRENCE JOHN LERMIT was born at Stafford on September 27th, 1916. He was educated 
at Canford School and proceeded thence to the Imperial College of Science, London, where he 
took his B.Sc. with 2nd Class Honours in chemistry, botany being his subsidiary subject. He 
was also awarded A.R.C.S. 

His post-graduate work under Professor R. P. Linstead and the late Professor G. A. R. Kon 
was interrupted by the war. He took up a post at the Ministry of Supply Research 
Establishment, Sutton Oak, in 1941 and, after a brief sojourn with Messrs. F. W. Berk and Sons, 
Stratford, from 1947 to 1948, rejoined the Ministry of Supply at the Chemical Defence 
Experimental Establishment, Porton, in the latter year. Here he worked until his untimely 
death on July 24th, 1953. He was promoted Senior Scientific Officer in July, 1952. 

One could not wish for a more loyal and devoted colleague. His knowledge of 
organic chemistry, in which subject he was completely wrapped up, was quite encyclopedic and 
was of the greatest assistance to all of us here. John Lermit was a most diffident and un- 
obtrusive individual. He never enjoyed the best of health and underwent a major operation in 
July, 1951. He was particularly keen on the practical side of his subject and made a notable 
contribution to our knowledge during the relatively short time he was with us. Outside his 
official work, he took a great interest in the chemistry of drugs and perfumery. He was alsoa 
keen gardener. He is survived by his wife and two sons and will be held in affectionate 


remembrance by all his colleagues in the Establishment. 
A. H. Forp-Moors. 
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JAMES PETTIGREW OGILVIE. 
1881—1953. 


JAMES PETTIGREW OGILVIE died on September 13th, 1953. He was born in Greenock, 
Scotland, on July 11th, 1881, being the third son of Thomas R. Ogilvie, a well-known sugar 
refiner. He was educated at Armadale School, Melbourne, Australia, and was for a time 
student-assistant at the Government Agriculture Laboratory, Melbourne. In 1898 he 
proceeded to Finsbury Technical College (City and Guilds of London Institute), where he 
studied until 1901. 

In 1902 he became assistant to Newlands Bros., authors of the textbook ‘‘ Sugar,”’ and was 
for a time in practice on his own account. In 1908 he joined the staff of the International Sugar 
Journal, and in 1910 became the Technical Editor of that publication, a position he held until 
his death. He contributed a number of papers relating to the manufacture of sugar, and the 
analysis of sugar factory and refinery products, to that Journal and to the Journal of the Society 
of Chemical Industry. He also contributed the section on Sugars, Starches, and Gums of the 
Annual Reports on the Progress of Applied Chemistry, on several occasions (1918, 1919, 1920, 
and 1921). In 1913 he translated Harloff and Schmidt’s ‘‘ Plantation White Sugar ’”’ from the 
Dutch. 

Ogilvie was elected an Associate of the Institute of Chemistry in 1919, and became a Fellow 
in 1924. Since 1912, he had been a Fellow of the Chemical Society to whom he presented a 
number of valuable books on sugar chemistry, and he worked as an abstractor in the sugar 
section to the Journal of the Society of Chemical Industry, and later to British Abstracts until 
1950. For many years he had been Examiner in Sugar Manufacture to the City and Guilds of 
London Institute. He was associated for many years with a successful business supplying 


machinery, chemical preparations, and accessories to the sugar industry. 
P. V. Moyes. 
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COURTAULDS’ SCIENTIFIC AND EDUCATIONAL TRUST FUND 
POSTGRADUATE SCHOLARSHIPS 


The Courtaulds’ Scientific and Educational Trust Fund has been established with the object of 
encouraging study and research in those branches of natural science, including the cognate 
branches of engineering, which are likely to assist the textile, plastics and allied industries. 

A limited number of Scholarships will be awarded in April 1954 as follows : 

(1) Postgraduate Scholarships for research in a branch of science or technology which is related 
to the textile, plastics or allied industries. Preference will be given to candidates who are 
in their second year of research. The Scholarships are for a period of one year with a 
possibility of renewal for a second year and are tenable at any University or other approved 
educational establishment in the United Kingdom or abroad. The value of the Scholar- 
ships will be decided by the electors but will not exceed the sum of £400 per annum. 
Postgraduate Scholarships for research in any branch of textile technology. Candidates 
need not have previous experience in this field nor is previous research experience required. 
The Scholarships will be for a period of two years, but may be renewed in exceptional cases. 
They are tenable at the University of Leeds, the Manchester College of Technology or 
other approved educational establishments. The value of the Scholarships will be decided 
by the electors, but will not exceed the sum of £320 for the first year and £360 for the 
second year. 

Applications should be made by letter, and should be accompanied by a statement of the 
research proposed, evidence that the candidate, if successful, will be granted research facilities, 
and the names of three referees as to the candidate’s qualifications. Testimonials should not 
be sent. One of the referees should be the Head of the Department in which the proposed 
research is to be carried out. 

Applications are required to reach— 

The Secretary, 
Courtaulds’ Scientific and Educational Trust Fund, 
Courtaulds Limited, 
16 St. Martin’s-le-Grand, 
LONDON, E.C.1., 
not later than the 13th February, 1954. 
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A rough and shabby room 


“For teaching chemistry, a laboratory ts abso- 
lutely essential No matter how rough and shabby 
aroom, so that it be well ventilated, have gas and 
water laid on, and will hold sixteen to twenty 
boys . . . the general laboratory stock, including 
a still, a stove or furnace, gas jars, a pneumatic 
trough, a proper set of retorts, crucibles, tubing, 
etc. and the necessary chemicals will cost 
under £12.” 


— 


Standards, like prices, have gone up 
since 1869, when the first issue of 
Nature reproduced an address pre- 
sented by the Rev. W. Tuckwell to 
the British Association Meeting in 


Exeter containing the above passage. 


Much good work was done in the 


“rough and shabby rooms” of a 
century ago; but the layout and 
equipment of the modern laboratory, 
and the stocks of-B.D.H. reagents on 
its shelves, bear witness to the 
standards that are considered essen- 
tial to-day. 
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